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(57)  Thepresentinvention provides an optical device
that is miniature, is highly sensitive and has a simplified
package, and a manufacturing method thereof with high
production efficiency and high reliability. The present in-
vention is an optical device comprising: a photoelectric
conversion element (50) having at least one photoelectric
conversion portion (1) which is formed on a substrate
(10); a sealing material (14); and a connection terminal
(3). The optical device comprises an optical window

FIG.1A -
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OPTICAL DEVICE AND OPTICAL DEVICE MANUFACTURING METHOD

which is an interface between the photoelectric conver-
sion element (50) and an outside of the optical device;
and an aperture (6) formed in the sealing material 14,
and whose bottom face is the optical window. An entire
face of the optical window is exposed to the outside. An
optical adjustment element (13) may be formed on the
interface. In this case, the interface between the optical
adjustment element (13) and the outside is the optical
window.
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Description
TECHNICAL FIELD

[0001] The present invention mainly relates to a pas-
sive or active optical device and a method of manufac-
turing the optical device.

BACKGROUND ART

[0002] Ineachofgeneral electronic devices and optical
devices, a sealing material of some kind is required in
order to protect a semiconductor chip, which becomes
the core of the device, and wiring. In a light emitting el-
ement which outwardly outputs an optical signal, orin an
optical sensor which detects external light, particularly,
the sealing material not only protects the semiconductor
chip but also has an important role of fixing in some form
a lens and an optical window which are used for deriva-
tion or introduction of light. In particular, in the case of a
highly sensitive optical sensor, which detects a weak sig-
nal, the package of the sensor is designed so as to have
the function of stabilizing the temperature of the sensing
element, or blocking external electromagnetic noises
against the sensing element. On the other hand, in order
to produce a miniature device, while the size of a semi-
conductor chip should be made smaller, the package
thereof should also be made smaller within the extent
that performance of the device is not deteriorated.
[0003] In these manners, a lot of contrivances have
been applied to a package of an optical device, in order
to obtain a maximum performance in light detection sen-
sitivity or light emission efficiency, which is an essential
function of the optical device, while minimizing and sim-
plifying the package. To achieve miniaturization of the
package as a whole, packages using sealing resin is of-
ten used.

[0004] Ineach of general electronic devices other than
optical devices, it is possible to obtain a very highly reli-
able package fabricated by using a mold because neither
derivation nor introduction of light is necessary. On the
otherhand, inthe case of an optical device, itis necessary
to provide a optical window for derivation or introduction
of light.

[0005] However, in a case where a optical window is
formed by designing a mold such that the a window can
be formed, and by performing a sealing step with the
mold, it has been difficult to provide an adequate optical
window aperture. This is because burrs of sealing resin
inevitably remain on the optical window after the sealing
step is performed, obstructing the light passage.

[0006] Additionally, in the case of attempting to form
the optical window after a molding step with a sealing
material, it is necessary to open a hole in the sealing
material in some way. For example, in the case of at-
tempting to perform etching so as to open a hole in the
sealing material by a sandblasting method, the optical
device may also possibly be destroyed.
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[0007] For example, Patent Document 1 discloses a
mold for providing a optical window of an optical device
to a miniature package covered with a sealing material.
Specifically, inside of this mold, provided is an elastic
body configured to be into contact under pressure with
the front face of the optical window of the element which
detects light, and accordingly the mold prevents the seal-
ing material from entering the optical window of the ele-
ment during a sealing step. On this optical window, a light
blocking film having a pinhole to determine the direction
of entrance or exiting of light is formed. Accordingly, a
large portion of light entering the optical window is
blocked not by the sealing material but by the light block-
ing film, and only a part of the entering light enters the
pinhole. Hence, desired light detected by the element
which detects light does not pass through the entire face
of the optical window.

[0008] Here, ifamethod disclosed in Patent Document
1is used, since the elastic body is pressed in the sealing
step on the element which detects light, and the element
may possibly be broken. Additionally, burrs of the sealing
elements remain on the optical window in some cases,
and it is necessary to perform a step of removing burrs
by a physical etching method or the like in order to form
a desired optical window aperture. For this reason, there
has been a problem where reliability of manufacturing
steps becomes low. Because burrs of the sealing mate-
rial enter the optical window from a periphery thereof to-
ward a central element thereof in the sealing step, espe-
cially, darkening due to burrs is a serious problem in a
case where the optical window needs to transmit light
with a high transmittance. Furthermore, in a case where
the optical window is provided with a function of adjusting
the intensities of light input and output, it is impossible to
use the step of removing burrs because the optical device
could be destroyed. This results in a problem of extremely
low productivity.

[0009] On the other hand, it is necessary to provide
some kind of optical window for an infrared sensor which
detects light in the infrared region (for example, light hav-
ing long wavelengths of 5 to 10 microns). This is because
there is no resin material that efficiently transmits the
infrared light having long wavelengths, and thus because
an epoxy resin package used for an infrared sensor which
detects infrared light of not more than about 1 micron,
cannot be directly used. For this reason, in a conventional
infrared sensor, it is necessary to use a hollow package
or a metal package to provide, apart from a sensor ele-
ment, an optical window material capable of efficiently
transmitting light so that sensitivity of the sensor would
not be reduced. However, there has been a problem that
utilization of a hollow package makes it difficult to mini-
aturize the sensor, and also, complicates assembly.
[0010] Additionally, miniaturization of an infrared sen-
sor for long wavelengths has not been possible so far
because it is necessary to enlarge the area and the vol-
ume of a photoelectric conversion portion in an infrared
sensor for long wavelengths so as to obtain a high S/N
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ratio, and also because it has been necessary to provide
a cooling unit even in the case of a quantum type sensor
which is said to be highly sensitive.

[0011] Likewise, in an ultraviolet sensor which detects
ultraviolet light having wavelengths of not more than 300
nm, itis necessary to use a optical window material made
of quartz glass, sapphire glass or the like because ultra-
violetlight cannot pass through an epoxy resin that allows
visual light to pass there through and is used in a photo-
diode for visual light and the like. Accordingly, fabrication
of an optical device that is miniature and is easy to pack-
age has not been possible. Thus, an application range
of ultraviolet sensors has been limited.

[0012] Next, in the case of an infrared sensor which
normally outputs weak signals, a circuit which processes
the output signal from the sensor becomes necessary in
addition to a photoelectric conversion portion. In such a
case, the output signal from the infrared sensor comes
to function as a sensor after going through an amplifica-
tion circuit and a circuit which performs comparison
processing, and is generally composed of pluralities of
resistance components, capacity components, signal
processing circuits, and the like. Accordingly, a range of
utilization of infrared sensors has been limited for such
reasons that miniaturization of the size of a sensor is
difficult if a element corresponding to the signal process-
ing circuits is included in the size in addition to the sensor
composed of a metal package, and that the number of
manufacturing steps is large.

[0013] In response to this, as is disclosed in Patent
Document 2, a method of attempting miniaturization by
additionally packing a signal processing circuitinto a met-
al package has been proposed. However, also in this
method, there is a problem that reduction in size and
thickness is difficult because it is necessary to avoid in-
fluence of heat between a pyroelectric sensor and the
signal processing circuit obtained by integrating signal
processing circuits including an amplification circuit as a
core; and to provide a optical window material that effi-
ciently transmits infrared light having long wavelengths.
[0014] Accordingly, conventional optical devices have
a problem that they cannot be miniaturized for restrictions
on the package of the sensor.

[0015]

Patent Document 1: Japanese Patent Laid-open No.
Hei6-77526

Patent Document 2: Japanese Patent Laid-open No.
Hei9-288004

Patent Document 3: International
Number WO2005/027228

Publication

DISCLOSURE OF THE INVENTION

[0016] An object of the present invention is to provide
an optical device that is miniaturized, is highly sensitive,
and has a simplified package, and a manufacturing meth-
od thereof that has high production efficiency, and is high-
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ly reliable.

[0017] In order to achieve such an object, one embod-
iment of the present invention is an optical device com-
prising: one or more elements including a photoelectric
conversion element having a photoelectric conversion
portion which is formed on a substrate; a connection ter-
minal electrically connected to the photoelectric conver-
sion element; and a sealing material which seals the one
or more elements and the connection terminal, wherein
the optical device comprises an aperture in one side
thereof through which light is allowed to enter or exit, and
a bottom face of the aperture is an interface between an
element out of the one or more elements that is the clos-
est to the outside, and the outside.

[0018] Additionally, the element that is the closest to
the outside may be the photoelectric conversion element
out of the one or more elements. The photoelectric con-
version element and the connection terminal may be con-
nected to each other through a signal transfer element.
The aperture may be located, in any one of the sealing
material and the connection terminal, in the one side
through which lightis allowed to enter or exit. The element
that is the closest to the outside may include an optical
adjustment element on the interface thereof with the out-
side.

[0019] Additionally, the optical device may further in-
clude connection wiring formed of at least any one of a
metal ball, a metal bump and a metal wire, the connection
wiring electrically connecting at least one element out of
the one or more elements, and the connection terminal
to each other, and the connection wiring may be sealed
by the sealing material.

[0020] Additionally, a face of the photoelectric conver-
sion element which is opposed across the photoelectric
conversion portion to a face thereof through which light
enters or exits may include atleast any one of: a shielding
plate which absorbs electromagnetic noise; and a light
reflection plate which increases an absorption or emis-
sion efficiency for the light. At least a part of the element
that is the closest to the outside may be unexposed, and
be covered by the one of the sealing material and the
connection terminal in which the aperture is formed. A
face of the photoelectric conversion element which is op-
posed across the photoelectric conversion portion to a
face thereof through which light enters or exits may in-
clude at least any one of: a shielding plate which absorbs
electromagnetic noise; and a light reflection plate which
increases an absorption or emission efficiency for the
light. At least a part of the element that is the closest to
the outside may be unexposed, and be covered by the
one of the sealing material and the connection terminal
in which the aperture is formed.

[0021] Additionally, the photoelectric conversion por-
tion may perform any one of detection and emission of
light in the infrared region. The photoelectric conversion
portion may be a quantum type photoelectric conversion
portion capable of operating at a room temperature. The
photoelectric conversion element may have a plurality of
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photoelectric conversion portions connected in series.
The quantum type photoelectric conversion portion may
belong to at least any one of a photoconductor type, a
photodiode type, a phototransistor type and a LASER
diode type, and the quantum type photoelectric conver-
sion portion may include: a layer formed of a compound
semiconductor containing at least any one of In and Sb;
and a barrier layer for suppressing a diffusion current.
[0022] Another embodiment of the present invention
is a manufacturing method of an optical device compris-
ing one or more elements including a photoelectric con-
version element having a photoelectric conversion por-
tion which is formed on a substrate; a connection terminal
electrically connected to the photoelectric conversion el-
ement; and a sealing material which seals the one or
more elements and the connection terminal, the method
comprising: a sealing step of sealing at least a part of the
connection terminal and the one or more elements by
the sealing material; and an aperture forming step of
forming an aperture on one side of the optical device
through which light is allowed to enter or exit so that a
bottom of the aperture can be an interface between an
element out of the one or more elements that is the clos-
est to the outside, and the outside.

[0023] Additionally, the element that is the closest to
the outside may be the photoelectric conversion element
out of the one or more elements. The photoelectric con-
version element and the connection terminal may be con-
nected to each other through a signal transfer element.
[0024] Additionally, in the aperture forming step, the
aperture may be formed, in the one side through which
light is allowed to enter or exit, in any one of the sealing
material and the connection terminal.

[0025] Additionally, the manufacturing method may
further include, before the sealing step, a first protective
film forming step of forming, in a region of the element
that is the closest to the outside which corresponds to
the interface, a first protective film for protecting the in-
terface, and at least a part of the connection terminal,
the photoelectric conversion element, and the first pro-
tective film may be sealed by the sealing material in the
sealing step. The first protective film may be a photosen-
sitive protective film. The method may further include,
after the aperture forming step, a first protective film re-
moving step of removing the first protective film. In the
aperture forming step, if the thickness of the first protec-
tive film is denoted as t, etching may be performed to the
depth x (0< x <t) from a surface of the first protective film
by using the surface of the first protective film as a basis_.
[0026] Additionally, in the aperture forming step, the
aperture may be formed by etching utilizing a physical
technique. The etching utilizing a physical technique may
be sandblast etching.

[0027] Additionally, the aperture may be formed in the
sealing material, and the manufacturing method may fur-
ther include, between the sealing step and the aperture
forming step, a second protective film forming step of, on
aface of the sealing material, forming a second protective
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film for protecting at least a part of the sealing material
except for the aperture, the face being intended to have
the aperture formed thereon.

[0028] Additionally, the aperture may be formed in the
connection terminal, the connection terminal may have
a penetrating pattern, and the sealing material having
entered the pattern in the sealing step may be removed
in the aperture forming step.

[0029] Additionally, the manufacturing method may in-
clude, before the sealing step, a step of electrical con-
nection of the signal transfer element and the photoelec-
tric conversion device to each other and also, electrically
connecting the signal transfer element and the connec-
tion terminal to each other, and at least a part of the con-
nection terminal, the photoelectric conversion element,
and the first protective film may be sealed by the sealing
material in the sealing step, the signal transfer element
including at least any one of: a signal processing circuit
which processes the output from the photoelectric con-
version element; a driver circuit which drives an electric
signal directed to the photoelectric conversion element;
and an interposer which electrically connects the photo-
electric conversion element and the connection terminal
to each other.

[0030] According to the present invention, an optical
device that is highly reliable and is excellent in light input
or output characteristic as compared to conventional
ones can be obtained. Additionally, a simple and highly
productive manufacturing method thereof can be provid-
ed. The optical device and manufacturing method thereof
of the present invention become an effective structure
and a manufacturing method thereof especially in the
case of a miniaturized and low-profile optical device. Fur-
thermore, in an optical device where light in the infrared
region is allowed to enter or exit, a miniaturized and highly
reliable optical device having not been able to be realized
by conventional methods can be efficiently manufac-
tured.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

[Fig. 1A] Fig. 1Ais a cross-sectional view of an optical
device according to one embodiment of the present
invention.

[Fig. 1B] Fig. 1B is a cross-sectional view of an optical
device according to the one embodiment of the
present invention;

[Fig. 1C] Fig. 1C is a cross-sectional view of an op-
tical device according to the one embodiment of the
present invention;

[Fig. 1D] Fig. 1D is a cross-sectional view of an op-
tical device according to the one embodiment of the
present invention;

[Fig. 1E]Fig. 1E is a cross-sectional view of an optical
device according to the one embodiment of the
present invention;
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[Fig. 1F]Fig. 1F is a cross-sectional view of an optical
device according to the one embodiment of the
present invention;

[Fig. 1G] Fig. 1G is a cross-sectional view of an op-
tical device according to the one embodiment of the
present invention;

[Fig. 1H] Fig. 1H is a cross-sectional view of an op-
tical device according to the one embodiment of the
present invention;

[Fig. 11] Fig. 1l is a cross-sectional view of an optical
device according to the one embodiment of the
present invention;

[Fig. 1J] Fig. 1J is a cross-sectional view of an optical
device according to the one embodiment of the
present invention;

[Fig. 1K] Fig. 1Kis a cross-sectional view of an optical
device according to the one embodiment of the
present invention;

[Fig. 1L] Fig. 1L is a cross-sectional view of an optical
device according to the one embodiment of the
present invention;

[Fig. 1M] Fig. 1M is a cross-sectional view of the
optical device according to the one embodiment of
the present invention;

[Fig. 2] Fig. 2 is an explanatory diagram of the struc-
ture of a signal processing circuit according to the
one embodiment of the present invention;

[Fig. 3A] Fig. 3Ais a cross-sectional view of an optical
device in the case of using an electromagnetic
shielding plate or a light reflection plate according to
the one embodiment of the present invention;

[Fig. 3B] Fig. 3B is a cross-sectional view of an optical
device in the case of using an electromagnetic
shielding plate or a light reflection plate according to
the one embodiment of the present invention;
[Fig.4A]Fig.4Ais a cross-sectional view of an optical
device in the case of using a condenser lens accord-
ing to the one embodiment of the present invention;
[Fig.4B]Fig. 4B is a cross-sectional view of an optical
device in the case of using a condenser lens accord-
ing to the one embodiment of the present invention;
[Fig. 4C] Fig. 4C is a cross-sectional view of an op-
tical device in the case of using a condenser lens
according to one embodiment of the present inven-
tion;

[Fig. 5A] Fig. 5Ais a cross-sectional view of an optical
device in which partial irradiance is utilized, accord-
ing to the one embodiment of the present invention;
[Fig. 5B]Fig. 5B is a cross-sectional view of an optical
device in which partial irradiance is utilized, accord-
ing to the one embodiment of the present invention;
[Fig. 6] Fig. 6 is a cross-sectional view of an optical
device having a large number of apertures according
to the one embodiment of the present invention;
[Fig. 7] Fig. 7 is a cross-sectional view in a case
where an interposer according to the one embodi-
ment of the present invention is used;

[Fig. 8] Fig. 8 is a cross-sectional view of an active
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infrared sensor according to the one embodiment of
the present invention;

[Fig. 9A] Fig. 9A is a schematic view of a manufac-
turing method of an optical device not provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 9B] Fig. 9B is a schematic view of the manu-
facturing method of the optical device not provided
with the signal processing circuit according to the
one embodiment of the present invention;

[Fig. 9C] Fig. 9C is a schematic view of the manu-
facturing method of the optical device not provided
with the signal processing circuit according to the
one embodiment of the present invention;

[Fig. 9D] Fig. 9D is a schematic view of the manu-
facturing method of the optical device not provided
with a signal processing circuit according to the one
embodiment of the present invention;

[Fig. 9E] Fig. 9E is a schematic view of the manu-
facturing method of the optical device not provided
with the signal processing circuit according to the
one embodiment of the present invention;

[Fig. 9F] Fig. 9F is a schematic view of the manufac-
turing method of the optical device not provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 9G] Fig. 9G is a schematic view of the manu-
facturing method of the optical device not provided
with the signal processing circuit according to the
one embodiment of the present invention;

[Fig. 9H] Fig. 9H is a schematic view of the manu-
facturing method of the optical device not provided
with the signal processing circuit according to the
one embodiment of the present invention;

[Fig. 10A] Fig. 10A is a schematic view of a manu-
facturing method of an optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 10B] Fig. 10B is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 10C] Fig. 10C is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 10D] Fig. 10D is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 10E] Fig. 10E is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 10F] Fig. 10F is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;
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[Fig. 10G] Fig. 10G is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 10H] Fig. 10H is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 101] Fig. 101 is a schematic view of the man-
ufacturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 10J] Fig. 10J is a schematic view of the manu-
facturing method of the optical device provided with
the signal processing circuit according to the one
embodiment of the present invention;

[Fig. 11A] Fig. 11Ais an explanatory view of a form-
ing method of the second protective film according
to one embodiment of the present invention;

[Fig. 11B] Fig. 11B is an explanatory view of a form-
ing method of the second protective film according
to the one embodiment of the present invention;
[Fig. 11C] Fig. 11C is an explanatory view of a form-
ing method of the second protective film according
to the one embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] Embodiments of the present invention will be
described in detail below with reference to the drawings.
Note that, in the drawings described below, the same
reference numerals are given to elements having the
same functions, and that repetitive description thereof
will be omitted.

[0033] The present invention proposes an optical de-
vice which requires a optical window for allowing light to
enter or exit (introducing or deriving light), and can be
sealed with resin. That is, in the present invention, ele-
ments (a photoelectric conversion element such as a light
emitting element or a light receiving element, or a signal
transfer element such as a signal processing circuit, and
the like) sealed by the sealing material come to be ex-
posed while forming an interface with the outside, and a
region thus exposed becomes a optical window for the
light path. In the present invention, the elements sealed
by the sealing material at least include a photoelectric
conversion element, and can include a signal transfer
element such as a signal processing circuit. As has been
described above, the optical window is an interface with
the outside in a predetermined element out of the ele-
ments sealed by the sealing material. Therefore, consid-
ering that the predetermined element has the interface
with the outside provided as the optical window , the pre-
determined element is an element, out of the elements
sealed by the sealing material, that is the closest to the
outside in one side of the optical device through which
light is derived and introduced.

[0034] Note thatitis preferable to configure the optical
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window so that light having a desired wavelength can
permeate an entire face of this region thus exposed. The
light having a desired wavelength is the light having a
wavelength that can be absorbed or emitted by the pho-
toelectric conversion element sealed by the sealing ma-
terial. For example, in the case where a light-emitting
element is sealed, light is emitted from the light emitting
element, or, in a case where a light receiving element is
sealed, the light having a wavelength absorbable by the
photoelectric conversion element, will be absorbed by
the photoelectric element, which will generate an electric
signal proportional to the incoming light amount. e.
[0035] In the present invention, even though the pho-
toelectric conversion element is sealed by the sealing
material, light having the desired wavelength enters or
exits that element through the optical window. For this
reason, even in a case where the element is sealed by
a sealing material which does not transmit light in the
infrared region nor in the ultraviolet region, or the like,
the inclusion of the optical window will allow the optical
deriving or introducing..

[0036] Additionally, in the present invention, it is pref-
erable the aperture for derivation or introduction of light
to be formed in the sealing material itself, making unnec-
essary any additional element for the light path, whereby
a very miniature package can be realized. This aperture
may also be formed in the connection terminal as will be
described later. In this case, the bottom face of the ap-
erture formed in the connection terminal becomes the
optical window for the light, and the photoelectric con-
version element or the signal transfer element comes to
be exposed from this optical window.

[0037] In the present invention, an aperture includes
a through hole formed in the sealing material or the con-
nection terminal. Additionally, in the case of a device with
the light optical window matching the side having the con-
nection terminal, a penetration hole in the connection ter-
minal is provided for the light path, which will be used as
aperture. The aperture refers to a penetration area
formed in the sealing material or in one side of the con-
nection terminal through which light is derived or intro-
duced, having a bottom face used as light optical window.
[0038] In addition, the depth of the aperture is not lim-
ited. That is, if the depth of the aperture is denoted as a
symbol h, the depth is expressed as h > 0. This depth h
is a distance from an edge of the aperture to the bottom
face of the aperture. Note that, in the case where a large
number of the optical devices are manufactured, among
them, some optical devices having h = 0 could be man-
ufactured. On the other hand, it would be difficult to man-
ufacture a large number of optical devices uniformly hav-
ing h = 0. Although it is not a problem, because in many
of the cases h would no interfere on the optical properties
of the device. In a production line, the depth h could be
fixed after measuring the typical aperture depths of a
large number of optical devices.

[0039] As has been described, because the aperture
is formed in the sealing material or the connection termi-



11 EP 1 858 086 A1 12

nal, the bottom face of the aperture comes to reach the
element (the photoelectric conversion device or the sig-
nal transfer element) that is the closest element to the
outside, in one side of the optical device where the ap-
erture of the sealing material or the connection terminal
is formed. Hence, an interface between the element and
the outside is formed at the bottom of the aperture, and
the element comes to be exposed (to form an interface
with the outside). In this way, the bottom face of the ap-
erture becomes the light optical window.

[0040] In the present invention, the aperture has the
function of guiding light from the outside to the optical
window, and the function of guiding light from the optical
window to the outside. That is, because the bottom face
of the aperture is directly the optical window since the
aperture is a opened space having no obstructing ele-
ments, such as the sealing material, or the connection
terminal. Light from the outside can enter the optical win-
dowthrough the aperture and then enter the photoelectric
conversion portion of the photoelectric conversion ele-
ment. Additionally, light from the photoelectric conver-
sion portion can enter the optical window to pass through
the aperture, and exit to the outside. Since there is no
obstructing substances presentonthe aperture, like seal-
ing material or burrs of the sealing material, light can
directly enter (or exit the optical window)optical window,
with no intensity attenuation , whereby the optical device
of the present invention is enabled to efficiently receive
light, or to efficiently irradiate emitted light to the outside.
[0041] The optical device of the present invention par-
ticularly designates: an optical sensor; a light emitting
device which emits light; an active optical sensor which
emits light and then detects reflection light having reflect-
ed by a detected object; or the like. As a basic structure
thereof, the optical device includes: a photoelectric con-
version element which detects or emits light; a sealing
material which becomes the package of the device; and
a optical window for derivation or introduction of light.
Since the number of parts becomes very small, by using
this structure, miniaturized, high-performance and highly
reliable optical device can be realized.

[0042] Additionally, in the optical device of the present
invention, because light inevitably passes through the
interface (the optical window) between the outside and
the element, it is preferable, in order to maximize a light
reception sensitivity of the optical device, or a light emis-
sion efficiency thereof, the optical window to be provided
with a function of light anti-reflection, light focusing, or
wavelength selectivity. For this purpose, in the present
invention, the optical device may further include an opti-
cal adjustment element which adjusts, in the optical win-
dow element, the optical input or output characteristic.
Accordingly, in the present invention, not only the pho-
toelectric conversion portion but also the optical window
has an important role. Note that, in the present invention,
the optical adjustment element can be formed integrally
with an element such as the later described photoelectric
conversion element or signal transfer element that is the
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closest to the outside in a face through which light is
derived and introduced. Thus, in the case of forming the
optical adjustment element, an interface between the op-
tical adjustment element and the outside becomes the
optical window element.

[0043] Additionally, the manufacturing method of the
optical device of the present invention includes a step of
forming the aperture in the sealing material or the con-
nection terminal. By configuring the manufacturing meth-
od in this way, it becomes possible to avoid or reduce
the remaining, on the optical window, of the sealing ma-
terial, and the sealing material existing in the form of
burrs, which hinder entrance and exiting of light. Further-
more, in order not to destroy the optical window and the
optical adjustment element of the optical device, it is pref-
erable a protective layer (a later described first protective
film), which protects the optical window element or the
optical adjustment element, to be formed before the seal-
ing step, and also the aperture opening step to expose
the optical window, there through to be performed after
the sealing step. By configuring the manufacturing meth-
od in this way, even when an aperture in the sealing is
formed using a physical technique, the optical window
and the optical adjustment element are not destroyed or
flawed, and a highly reliable process can be realized,
obtaining a miniaturized optical device with high produc-
tion efficiency and stable performance.

[0044] As has been described above, for example, in
a case where the optical device detects an optical signal,
the optical signal intended to be detected can be trans-
mitted to the photoelectric conversion portion without be-
ing optically attenuated. Furthermore, it is made possible
to reduce influence of electromagnetic noise from the
outside by connecting an output signal from a sensor to
a signal processing circuit with the shortest distance,
whereby optical detection sensitivity can be improved.
[0045] In cases in each of which the photoelectric con-
version portions is fabricated on a substrate made of sap-
phire, Si, GaAs, InP, GaP or the like by using a thin film
growth method, many of such devices have a character-
isticthat the substrate itself used for thin film growth trans-
mits an operational wavelength of each of the devices.
In the present invention, in a case where the optical win-
dow element is formed on the photoelectric conversion
element, realization of a light emitting or light receiving
device that is miniaturized and requires a small number
of manufacturing steps is made possible by utilizing the
above mentioned manufacturing configuration. Specifi-
cally, the back face of the substrate where the photoe-
lectric conversion portion is formed, is exposed from the
package, so that light is allowed to be introduced, in the
case of light detection, or emitted, in the case of light
emitting devices.Additionally, an active sensor or light
emitting device can be realized by incorporating a light
emitting portion and a light receiving portion in the same
sealing package.

[0046] By utilizing the manufacturing method of the
present invention in a manner as will be described later,
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it becomes possible to make use of the substrate itself
as the optical window , whereby the size of the package
becomes smaller, and the number of assembling steps
can be reduced with the reduction in the number of parts.
[0047] Note that, in the present description, the back
face of a substrate indicates a face of the substrate op-
posite to a face thereof on which the photoelectric con-
version portion composing the photoelectric conversion
element is formed.

[0048] An optical device according to one embodiment
of the present invention has a photoelectric conversion
element sealed by a sealing material, and includes a op-
tical window element for allowing light to enter the pho-
toelectric conversion element, the photoelectric conver-
sion element including one or more photoelectric conver-
sion portions. The size of this optical window can be made
as large as a part or an entirety of the surface of the
photoelectric conversion element. Additionally, the opti-
cal window may be formed in the signal transfer element
side, and correspond to a part or an entirety of a face
thereof. Since this optical window is an interface between
the outside and an element, the sealing material does
not exist on the optical window element, and the element
(the photoelectric conversion element or the signal trans-
fer element) including the optical window comes to be
exposed.. For example, in the case where the optical
window is placed on the photoelectric conversion ele-
ment, because the substrate composing the photoelec-
tric conversion element transmits light having an opera-
tional wavelength of the device as has been described
above, light comes to permeate an entire face of the op-
tical window. Additionally, parts other than the optical
window is sealed by the sealing material.

[0049] Note that, not an entirety, but only a part of the
photoelectric conversion element (or the signal transfer
element) on which the optical window is set as the optical
window as has been described above, that is, if at least
a part of a face of the photoelectric conversion element
(or the signal transfer element) in the one side through
which light enters or exits is configured to be unexposed,
the unexposed part of this face comes to be sealed by
the sealing material. The sealing material on the unex-
posed part of this face serves to hold the sealed photo-
electric conversion element (or the signal transfer ele-
ment), and thereby becomes effective in preventing the
element from being damaged by physical shock. For ex-
ample, when the optical window is quadrilateral, if four
corners of a face of the photoelectric conversion element
are left covered by the sealing material without being
exposed, the sealing material on the four corners function
as a stopper because, while the optical window is ex-
posed, the sealing material exist on the four corners. Ac-
cordingly, when a physical shock is applied to the optical
device, the photoelectric conversion element can be pre-
vented from going out from a region of the sealing ma-
terial corresponding to the optical window. Although the
size of the optical window thus has an area of not more
than the size (when viewed from a direction in which light
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enters or exits) of the element (the photoelectric conver-
sion element or the signal transfer element) having the
optical window. In order to improve a derivation or intro-
duction intensity of light, the larger the size of the optical
window relative to the element having the optical
window , the more preferable, and, specifically, the size
thereof is preferably not less than 30 %, more preferably
not less than 50 %, and further more preferably not less
than 80 %.

[0050] Additionally, the sealing materialincluded in the
optical device according to the one embodiment of the
present invention is provided with an aperture which has
a function of deriving light from or introducing light into
the optical window. This aperture is formed in the sealing
material. Alternatively, the connection terminal in some
cases is provided with the aperture having a function of
introducing light into the optical window. In each of these
cases, the aperture is formed in the connection terminal.
Furthermore, the optical window may have an optical ad-
justment element which improves the optical input or out-
put characteristic. In addition, the photoelectric conver-
sion element includes a substrate, and a photoelectric
conversion portion which is formed on the substrate for
energy conversion between optical energy and electric
energy.

[0051] To be precise, a purpose in forming the optical
window in the present invention is to allow light to enter
from the outside to, or to allow light to exit to the outside
from the photoelectric conversion element sealed by the
sealing material evenin a case where the sealing is made
by a sealing material that does not transmit the opera-
tional wavelength (for example, infrared light or ultraviolet
light) of the optical device. In addition, for this purpose,
at least a part of a face of the element (for example, the
photoelectric conversion element or the signal transfer
element) that is the closest from the outside in the one
side through which light is derived or introduced is ex-
posed to the outside from the sealing material. Thus, in
the element having the optical window, a part other than
the optical window comes to be sealed by the sealing
material.

(Regarding basic element structures)

[0052] Preferable arrangements of these elements will
be described by using Figs. 1A to 1E.

Fig. 1A is a cross-sectional view of an optical device ac-
cording to the one embodiment of the present invention.
In Fig. 1A, a photoelectric conversion element 50 in-
cludes a substrate 10 and a photoelectric conversion por-
tion 1 formed on the substrate 10. In addition, the pho-
toelectric conversion element 50 is sealed by the sealing
material 14. In addition, an aperture 6 is formed in the
sealing material 14 so that the photoelectric conversion
element 50 can meet the outside by a optical window
element having an optical adjustment function. A bottom
element of this aperture 6 becomes the optical window,
and an optical adjustment element 13 is exposed from
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the bottom element. In a case where the optical adjust-
ment element is not formed, it goes without saying that
the substrate 10 is exposed from the optical window. In
this way, light received or emitted by the photoelectric
conversion element 1 can be efficiently allowed to enter
from or exit to the outside through the optical window by
passing though the aperture 6.

[0053] The photoelectric conversion portion 1 of the
present invention is formed on the substrate 10, and per-
forms photoelectric conversion by which incident light is
converted into an electric signal, or by which an electric
signal supplied from outside is converted into light. This
structure is not particularly limited, and the photoelectric
conversion portion can be selected from: a quantum type
photoelectric conversion portion (a photoelectric conver-
sion portion utilizing photo conductivity, a photovoltaic
effect, and light emission of a semiconductor material
having a band gap agreeing with an intended wave-
length) which performs light reception and emission
based on electronic transition or recombination by light;
or a thermal type photoelectric conversion portion which
absorbs optical energy, then converts it into heat, and
then transmits it in a thermal mode. In the optical device
according to the presentinvention which uses the sealing
material, the quantum type photoelectric conversion por-
tion is preferably used because influence of heat trans-
mission with the sealing material is small. As the quantum
type photoelectric conversion portion, any one of an LED
(Light Emitting Diode) type and an LD (Laser Diode) type
is preferable, as they each have a high light emission
efficiency, in the case of a light emitting device, whereas
any one of a photodiode, a solar cell and a phototransistor
is preferable, as they each have a high light receiving
sensitivity, in the case of an optical sensor. In the case
of the heat type photoelectric conversion portion, a light-
receiving type photoelectric conversion portion can be
mainly utilized, and a pyroelectric type, bolometer type
or thermopile type photoelectric conversion portion is
preferably used.

[0054] Here, itis desirable that the quantum type pho-
toelectric conversion portion capable of operating at a
room temperature be used as the photoelectric conver-
sion portion 1. By thus having the photoelectric conver-
sion portion be the quantum type one capable of operat-
ing at a room temperature, the structure of the optical
device of the present invention becomes a structure with
a combination of a favorable photoelectric conversion
characteristic and stability. Especially in the case where
the optical device of the present invention is an optical
device which inputs or outputs light (receives light or
emits light) in the infrared region, the optical device of
the present invention more effectively functions as a
structure which is improved in responsiveness due to
heat accumulation of the sealing material, is simple, and
is excellent in stability.

[0055] Particularly in the case of an optical device
which inputs or outputs light in the infrared region, there
can be exemplified an optical device where the photoe-
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lectric conversion portion 1 is formed of any one of ma-
terials such as: a compound semiconductor (for example,
a material made of InAs,Sb,_, (0<x< 0.75)) containing at
least any one of In and Sb; and HgCdTe. Among those
materials, the compound semiconductor containing at
least any one of In and Sb is preferably used, and is
preferable, as it becomes highly sensitive, particularly in
acaseincluding a barrier layer which suppresses an elec-
tron diffusion current. Furthermore, a photoelectric con-
version element utilizing, photoelectric conversion por-
tions formed by photodiodes utilizing InAs,Sb,_, (0 < x
<0.75) barrier layers which suppresses electron diffusion
current, is preferable because of its higher sensitivity.
This x is appropriately selected by considering an ab-
sorption wavelength of the material, easiness of manu-
facturing, and the like. (See reference to Patent Docu-
ment 3.)

[0056] Additionally, particularly in the case of an optical
sensor (a light-receiving type photoelectric conversion
element) which operates in the far infrared region, a pho-
todiode which operates in a solar cell mode may be uti-
lized as the photoelectric conversion portion 1 so that
noise by an electric current can be suppressed. In this
case, if an open voltage of the solar cell is utilized as an
output signal, an optical sensor with higher S/N ratio (sig-
nal/noise ratio) can be realized. In order to further inten-
sify the output signal, and also to improve the S/N ratio,
it is preferable that a plurality of solar cells (which corre-
spond to the photoelectric conversion portion) be con-
nected in series. That is, by composing the photoelectric
conversion element by a plurality of photoelectric con-
version portions connected in series, alarge output signal
can be obtained especially in a case where the output
signal is extracted in the form of voltage. This is because
an infrared sensor is particularly susceptible to thermal
noise, and the S/N ratio thereof with respect to noise
attributable to thermal noise can be improved by the con-
nection in series. The number of cells (photodiodes) to
be serially connected is not particularly limited and may
be selected as appropriate in consideration of a magni-
tude of the output signal, and the S/N ratio. Itis preferable
that the number of those serially connected is not less
than 10, because a magnitude of the output signal and
the variance in the S/N ratio become remarkable. For the
same reason, it is more preferable that the number is not
less than 100, and it is further more preferable that the
number is not less than 500. There is no restriction on
an upper limit of the number, and the upper limit is se-
lected as appropriate in consideration of a size of the
sensor and an output thereof.

[0057] The optical device as has been described is a
quantum type, from which a high output can be obtained
at a room temperature without using a cooling systems.
In the case where the optical device of the present in-
vention is an optical device receiving or emitting light in
the infrared region, especially, in a case where it is an
infrared sensor, a structure of the present invention can
be more preferably used. This is because a device in the
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structure disclosed in the present invention, high in re-
sponse speed, highly sensitive and miniaturized can be
easily obtained by employing the abovementioned struc-
ture which allows high output signal at a room tempera-
ture, with improved S/N ratio.

[0058] Inthe presentinvention, while the photoelectric
conversion portion is formed on the substrate, the sub-
strate is not particularly limited, and a material suitable
for forming a material composing the photoelectric con-
version portion is selected. Specifically, a semiconductor
substrate made of silicon, GaAs, InP, GaP or the like, or
a general-purpose substrate such as GaN, AIN, a sap-
phire substrate, or a glass substrate is used.

[0059] In the present invention, a direction of deriving
light from or introducing light into the photoelectric con-
version element is not particularly limited, and light may
be derived or introduced through the substrate side (the
back face side) of the photoelectric conversion element
as shown in Fig. 1A, or may be derived or introduced
through the photoelectric conversion portion side of the
photoelectric conversion element as shown in Fig. 1C.
In the case where wiring is formed on the photoelectric
conversion portion by using metal, it is preferable the
light to be derived or introduced through the substrate
side (the back face side), because metallic elements nor-
mally do not transmit but reflects the light. Especially in
a case where two or more of photoelectric conversion
portions being connected in series, metal is often used
to provide this connections, while light utilization efficien-
cy can be enhanced (due to light reflection, and reuse of
reflected light)..

[0060] In the case as described here, it is necessary
that the substrate be transparent against light having a
wavelength received or emitted by the photoelectric con-
version portion. Accordingly, in a case where the photo-
electric conversion portion is formed by using a thin film
growth method, it is preferable that a material forming
the photoelectric conversion portion, and a material form-
ing the substrate be different materials. For this reason,
in a case where a semiconductor substrate is used, it is
preferable that the semiconductor having a narrower gap
than the substrate be used as the photoelectric conver-
sion portion. For example, in a case where the photoe-
lectric conversion portion is formed of a lll-V group sem-
iconductor, it is preferable to use a silicon substrate, and
to use a IlI-V group semiconductor having a narrower
gapthansilicon, deposited onsilicon, as the photoelectric
conversion portion. Additionally, it is preferable to use a
GaAs substrate, and to use a Ill-V group semiconductor
having a narrower gap than GaAs, deposited on the GaAs
substrate, as the photoelectric conversion portion.
[0061] The optical device of the present invention in-
cludes the optical window for allowing light to enter from
the outside, or to allowing light to exit to the outside. The
optical window designates an interface between the out-
side and an element, the interface not covered by the
sealing material or the connection terminal. Thatis, arole
thereof is deriving light from or introducing light into the
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photoelectric conversion portion. In a case where it is
desired that light be derived or introduced though the
substrate side (the back face side) of the photoelectric
conversion element, an interface between a surface of
the substrate of the photoelectric conversion elementand
the outside becomes the optical window. Meanwhile, in
a case where it is desired that light be derived or intro-
duced though a side opposite to the substrate side, an
interface between the outside and a signal transfer ele-
ment such as a signal processing circuit or the like that
is the closest to the outside among elements included in
the optical device, becomes the optical window. In addi-
tion, an optical adjustment element may be formed on
the interface (the optical window) . In a case where this
optical adjustment element is formed, the exposed opti-
cal adjustment element becomes the optical window.
[0062] In the presentinvention, in order to derive light
from and introduce light into the photoelectric conversion
portion, the optical window is formed by removing a re-
gion of the sealing material or the connection terminal,
whereby a surface of an element that is closest to the
outside is exposed, the region corresponding to the op-
tical window element. When this optical window element
is removed, only a surface of the sealing element may
be removed so as to form the optical window element,
or, an aperture (a through hole) may be formed in the
sealing material or the connection terminal to have a bot-
tom element of the aperture formed as the optical win-
dow.

[0063] Additionally, in the aperture 6 formed in the
sealing material 14, while each of side faces of the ap-
erture 6 is formed so to have a certain slope as shown
in Fig. 1A, there is no particular restriction on the slope,
and the slope may be perpendicular to the optical adjust-
ment element 13. The field of view (optical field of view
of the device) can also be controlled by controlling the
angle of the slope.

[0064] The optical adjustment element 13 designates
a region which is formed by surface treatment of some
sort in the optical window, and which adjusts the way of
derivation and introduction of light. In the conventional
optical device, in a case where this optical adjustment
elementis housed in a metal package, the optical adjust-
ment element is provided as a part separate from the
photoelectric conversion portion in such a manner as to
be formed on a lid element of this metal package. In con-
trast, the optical adjustment element of the present in-
vention is formed on the same substrate as the photoe-
lectric conversion portion, or on the signal transfer ele-
ment, that is electrically connected to the photoelectric
conversion element and arranged so as to face it. This
is because, as a surface of an element out of elements
(a photoelectric conversion element and a signal transfer
element) that corresponds to a desired configuration and
is the closest to the outside comes to be exposed, the
optical adjustment element and any one of the photoe-
lectric conversion element and a signal circuit element
can be integrated. For this reason, the number of parts
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is reduced, and a very thin optical device can be realized
because an unnecessary space from the optical adjust-
ment element to the photoelectric conversion element
can be reduced by the above described integration. In
addition, by allowing the optical device to include this
optical adjustment element, the effect of the manufactur-
ing method using the later described first protective film
becomes still more remarkable. Note that, as has been
described above it is preferable the entrance or exiting
of light to be allowed through the back face side of the
photoelectric conversion element, and it is preferable the
optical adjustment element to be formed on a face (a
back face) of the photoelectric conversion element that
is opposite to a face thereof on which the photoelectric
conversion portion is formed.

[0065] The optical adjustment element 13 plays an im-
portant role of practical enhancement of the optical de-
vice such as optical conversion efficiency, operational
wavelength, and condensing of received or emitted light.
Specifically, the optical adjustment element 13 is any one
of: a light anti-reflection element which prevents reflec-
tion of light in the optical window; a filter which controls
a wavelength of received light or emitted light; and an
optical lens which controls detection of light, and an ex-
iting direction of light, and condenses light. As the light
anti-reflection element, any one of a anti-reflection layer,
and a scattering control layer which controls a ratio of a
forward scattering to a backward scattering is used. Ad-
ditionally, as the lens, any one of a lens having asperities,
and a Fresnel lens is selected as appropriate in accord-
ance with a purpose thereof. In addition, while they are
formed in the optical window, there can be listed as spe-
cific forms thereof: a light anti-reflection film or a filter
which can be formed on a surface of the optical window
element; an optical lens which can be processed on the
surface of the optical window; or a processed configura-
tion formed by a surface treatment of some sort. As the
processed configuration, there can be exemplified: one
in which an intensity of light derivation or introduction has
been improved by a scattering effect by adjusting a
roughness thereof by a physical or chemical technique;
and one in which an incident or outgoing angle of light
has been adjusted by changing a configuration thereof.
Additionally, the optical adjustment element may be pro-
vided also with a function of becoming a protection
against deterioration which occurs by having the photo-
electric conversion element meet with external air. Addi-
tionally, a layer having the protection function may be
placed, independently of the optical adjustment function,
in one side of the optical adjustment element which meets
the outside.

[0066] Among these, the light anti-reflection element
(the anti-reflection layer, or a light derivation/introduction
improvement layer using a scattering effect) greatly im-
proves a photoelectric conversion performance of the
photoelectric conversion element, and thereby is suitably
used. Especially in a case where a refractive index of an
element having the optical window is high, the light anti-
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reflection element is effective, and a material having, in
the interface where the optical window element meets
the outside, a refractive index that is lower than that of
the optical window element is suitably used. The light
derivation/introduction improvement layer using a scat-
tering effect may be obtained by improving a roughness
of an exposed element of the substrate, or by separately
setting up a layer whose surface has an appropriate
roughness. Particularly in a case where light is allowed
to enter or exit though the back face of the substrate, an
optical adjustment element formed by controlling a
roughness of the back face of the substrate by a polishing
method or the like.

[0067] The optical filter has a function of cutting out
light, which has wavelength ranges other than a desired
one, by having a multilayered layer structure and a single-
layered layer structure provided thereto, and is suitably
used especially in a case where the photoelectric con-
version element is a light receiving element.

[0068] The opticallensis suitably usedin a case where
control of an entering or exiting direction of light, or light
condensing is necessary, and a Fresnel lens is suitably
used because of easiness to be formed on the optical
window.

[0069] Additionally, as will be described later, in a case
where, while the optical device includes a signal transfer
element, light enters and exits through the signal transfer
element side, the optical adjustment element is formed
on the optical window (an interface of the element with
the outside) formed on the signal transfer element, and
is used for the purpose of controlling: an intensity of light
entering and exiting the photoelectric conversion portion
through the signal transfer element; and the like. Accord-
ingly, the optical adjustment element is designed, for ex-
ample, in consideration of an optical characteristic of a
material (such as air or a resin) existing between the sig-
nal transfer element and the photoelectric conversion el-
ement. Additionally, in such a case, afunction, equivalent
to the optical adjustment element, in which the photoe-
lectric conversion portion is capable of controlling the in-
tensity of entering and exiting light may be provided in
the photoelectric conversion element side. Furthermore,
also in a case where the optical adjustment element is
not included in the optical window element, it is possible
to configure a function equivalent to the optical adjust-
ment element to be provided between the signal transfer
element and the photoelectric conversion element.
[0070] Note that, as will be described later, a scheme
configured to prevent the optical adjustment element 13
from being destroyed becomes necessary in a step of
forming the aperture 6 in the sealing material 14.
[0071] The aperture 6 is a through hole in the sealing
material 14 used for optical introduction into or deriving
from the photoelectric conversion portion 1. Although any
position in the sealing material 14 may be appropriate as
a position of the aperture 6 as long as light can easily
enter or exit the photoelectric conversion portion 1 there-
through, the most miniature optical device having a small
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number of parts can be realized by utilizing the back face
of the substrate 10 as the optical window element as
shown in Fig. 1A.

[0072] The optical device shown in Fig. 1A includes a
connection terminal 3. The connection terminal 3 is elec-
trically connected to the photoelectric conversion portion
1 through connection wiring 15, and is used for supplying
an electric signal of the outside to the photoelectric con-
version portion 1, or, for outputting to the outside an elec-
tric signal according to an intensity of incident light.
[0073] As shownin Fig. 1A, the most miniature optical
device can be realized by using a flip-chip bonding meth-
od used in general. Here, it is desirable that: a lead frame
be utilized for the connection terminal 3; and a metal
bump, or a metal ball be utilized for the connection wiring
15. In this case, manufacturing of the optical device is
facilitated as will be described later because the photo-
electric conversion element 50 is fixed to the connection
terminal 3 by the connection wiring 15 when being sealed.
[0074] While a connection method using the connec-
tion wiring 15 is shown in Fig. 1A, the photoelectric con-
version element 50 is fixed to the connection terminal 3
as shown in Fig. 1B, and a metal wire may be used for
connection wiring 16. A method using a metal wire is
preferable because higher connection reliability can be
obtained.

[0075] InFig. 1B, the photoelectric conversion element
50includes the photoelectric conversion portion 1 formed
on the substrate 10, and the optical adjustment element
13, and is connected to the connection terminal 3 by the
connection wiring 16. In this case, while the photoelectric
conversion portion 1 and the connection wiring 16 are
sealed by the sealing material 14 so as to be covered
thereby, it is necessary that an aperture 7 be provided in
the connection terminal 3 for derivation or introduction of
light. In this case, a bottom face of the aperture 7, that
is, an interface between the outside and the substrate 10
(the photoelectric conversion element 50) becomes the
optical window, and the optical adjustment element 13
is formed on this optical window. Therefore, an interface
between the optical adjustment element 13 and the out-
side becomes the optical window, and light is allowed to
exit from or enter the photoelectric conversion portion 1
through the optical adjustment element 13 and a sub-
strate 10. Note that the aperture 7 is a penetration hole
patterned on the terminal 3.

[0076] In an optical device of Fig. 1B, the optical field
of view can be changed as desired by varying the format
of the aperture 7. Additionally, an external optical lens
can be easily attached to the aperture 7. Likewise, in a
structure as shown in Fig. 1C, a flip-chip bonding method
using a metal bump or a metal ball as the connection
wiring 15 may be employed. In this case, the most min-
iature optical device can be realized because a distance
for connecting the metal wire to the connection terminal
becomes shorter. The photoelectric conversion element
50includes the photoelectric conversion portion 1 formed
on the substrate 10, the optical adjustment element 13,
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and a later described reflection plate 9, and is connected
to the connection terminal 3 by the connection wiring 15.
In this case, although the photoelectric conversion ele-
ment 50 is sealed so as to be covered by the sealing
material 14 as in the case with Fig. 1B, a bottom face of
the aperture 7, that is, an interface between the outside
and the photoelectric conversion portion 1 becomes the
optical window for derivation or introduction of light, and
the optical adjustment element 13 is formed on this op-
tical window. Therefore, an interface between the optical
adjustment element 13 and the outside becomes the op-
tical window, and light is allowed to exit or enter the pho-
toelectric conversion portion 1 through the optical adjust-
ment element 13.

[0077] As connection wiring, of the present invention,
any one of wiring obtained by solidifying a paste of solder,
metal or carbon, film wiring with a conductive material
being dispersed thereon, and the like can be used, in
addition to metal projections such as the above described
metal ball and metal bump, or a metal wire. From the
perspective of reliability of the connection wiring, metal
projections such as a metal ball and a metal bump, or a
metal wire is preferably used. To be precise, this is be-
cause these kinds of metal wiring have high reliability
with manufacturing methods such as a flip-chip bonding
method and a wire bonding method employed when
these kinds of wiring are used. In Particular, these ma-
terials and these manufacturing methods using them are
suitable because they are suitable for microfabrication,
and can combine high reliability and productivity as metal
wiring of a miniature optical device. Any one of a metal
ball and a metal bump is more preferably used especially
in terms of ability to miniaturize the optical device, where-
as a metal wire is more preferable in terms of reliability
of the connection wiring.

[0078] A structure shown in Fig. 1D may be adopted
as needed to obtain a thinner optical device. Descriptions
of the structure except for the shape of the connection
terminal 3 will be omitted as the structure thereof is the
same as that of Fig. 1B. A hole configured to contain the
photoelectric conversion element 50 is formed in the con-
nection terminal 3, and after the photoelectric conversion
element 50 is placed in the hole, electrical connections
are formed by metal wires provided as the connection
wiring 16. In this case, the thinnest optical device can be
realized.

[0079] Furthermore, a structure shown in Fig. 1E may
be adopted as needed. Descriptions of the structure ex-
cept for the shape of the connection terminal 3 will be
omitted as the structure thereof is the same as that of
Figs. 1B and 1D. While being allowed to be connected
to the outside by being exposed to the same face as a
face having the aperture 6 and to side faces thereof, the
connection terminal 3 is additionally allowed to be con-
nected to the outside by being exposed also to a face
opposite to the face having the aperture 6. This case is
favorable because, in this case, electrodes can be easily
obtained also from the face opposite to the face having
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the aperture 6 in addition to the same face as the face
having the aperture 6, and the side faces thereof. In each
of the above described structures of Figs. 1B and 1C,
and in a later described structure having a signal transfer
element, a connection terminal having the same shape
as the shape in Fig. 1E can be similarly used in order to
obtain electrical connection from a face opposite to aface
having the aperture 6. Note that, with respect to a posi-
tional relation between the aperture 6 and the connection
terminal, selection is made as appropriate in considera-
tion of the usage of the present invention, size, easiness
of manufacturing, and the like. Out of these configura-
tions, in the case where the connection terminal 3 is lo-
cated on the face opposite to the face having the aperture
6 is often preferable because designing can be facilitated,
as the face through which light enters and exits and the
face through which electrical connection is formed be-
come opposite to each other. Furthermore, in the case
of adopting such a structure where a face through which
light enters and exits and a face through which electrical
connection is formed can be set opposite to each other,
the shape of the connection terminal can be designed,
in order to enhance adhesion strength between the con-
nection terminal and sealing resin. Thatis, the connection
terminal is designed in such a manner that a step is pro-
vided in the connection terminal so as to prevent a part
of the connection terminal (the part being located in one
side of the optical device having a face through which
light is inputted and outputted) from being exposed from
the sealing resin,

[0080] The light reflection element 9 of the present in-
vention is formed for the purpose of reflecting light. The
role thereof is to increase photoelectric conversion effi-
ciency. In the case of such an optical device as shown
in Fig. 1C, the light reflection element 9 is formed on a
opposite face of the substrate 10, with reference to the
photoelectric conversion portion 1. When such an optical
device is operated as an optical sensor, while a part of
incident light is absorbed and converted into an electric
signal by the photoelectric conversion portion 1, other
part of the light passes through the photoelectric conver-
sion portion 1, and is reflected to the photoelectric con-
version portion 1 by the reflection plate 9, so that the
photoelectric conversion portion 1 can absorb the reflect-
ed light again and convert it into an electric signal. Addi-
tionally, in a case where such an optical device is oper-
ated as a light emitting device, light having traveled to
one side of the optical device opposite to the optical win-
dow is reflected by the reflection plate 9 to be emitted
through the optical window , whereby light emission ef-
ficiency can be increased. In the structure shown in Fig.
1C, a metal film made of Al, Cr or the like having high
reflectivity may be formed, by using an evaporation meth-
od, on a face of the substrate 10 on which the photoe-
lectric conversion portion 1 is not formed. Although a
shielding plate may be formed instead of the reflection
plate 9, it is desirable that a material having both effects
of light reflection and electromagnetic noise absorption
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be used as needed. As a material thus simultaneously
fulfilling the role of light reflection and electromagnetic
noise absorption, metal materials such as Fe, Cr, Ni and
the like can be exemplified, and these metal materials
are used by being laminated as needed. The shielding
plate of the present invention designates a plate which
absorbs electromagnetic noise. Particularly in the case
of an optical sensor which detects a weak signal, the
shielding plate has an effect of improving an S/N ratio of
the sensor by absorbing outer electromagnetic noise.

(Regarding a signal processing circuit, a driver circuit,
and an interposer)

[0081] Next, optical devices each including a signal
transfer element will be described by using Figs. 1F to
11. The signal transfer element is a signal processing
circuit, an element including a driver circuit, or an inter-
poser.

[0082] Hereinbelow, description will be given by often
using a "signal processing circuit 2" as the signal transfer
element. In this case, the signal processing circuit 2 is a
signal processing circuit, an element including a driver
circuit, or an interposer.

[0083] Fig. 1F is a cross-sectional view of an optical
device according to the one embodiment of the present
invention. Here, since Fig. 1F is substantially the same
as the structure shown in Fig. 1A except for the later
described signal processing circuit 2 and the connection
wiring 16, description thereof will be omitted as appro-
priate.

[0084] As the signal processing circuit 2 is generally
formed as a circuit of a semiconductor element on a sil-
icon substrate, the photoelectric conversion portion is of-
ten formed on a substrate different from a substrate for
the signal processing circuit 2. Note that, as has been
described above, the photoelectric conversion portion 1
is only required to receive or emit light having predeter-
mined wavelengths (wavelength range), for example, in
the infrared region or in the ultraviolet region, and may
be selected in accordance with a design of the optical
device. For example, in a case where the optical device
is designed as an infrared sensor, a quantum type infra-
red photoelectric conversion portion capable of operating
at a room temperature or the like may be adopted as the
photoelectric conversion portion.

[0085] In the case of an optical sensor, the signal
processing circuit 2 performs amplification or the like of
a weak signal from the photoelectric conversion portion
1, and outputs the signal as an analogue signal or a digital
signal after comparing the amplified signal with a refer-
ence value. In an optical device not requiring a signal
processing circuit, an interposer used for routing of wiring
may be used as the signal transfer element (as the signal
processing circuit 2 in the drawing). The substrate 10 is
fixed onto the signal processing circuit 2 by using a flip-
chip bonding method, and is electrically connected to the
signal processing circuit 2 by a metal bump (a metal ball)
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used as the connection wiring 15. Additionally, in the case
of a light emitting device which emits light, a driver circuit
which supplies a power source to the photoelectric con-
version portion 1 may be utilized instead of the signal
processing circuit 2.

[0086] The connectionterminal 3 is used to allow elec-
trical connection of the signal processing circuit 2 (the
interposer, the signal processing circuit, or the driver cir-
cuit) with the outside even in the case of an optical device
requiring any one of: the interposer as means for facili-
tating electrical connection between the photoelectric
conversion portion 1 and the connection terminal 3; the
signal processing circuit as means for processing an out-
put from the photoelectric conversion portion 1; and the
driver circuit as means for driving an electric signal in-
putted to the photoelectric conversion portion 1. That is,
as shown in Fig. 1F, the signal processing circuit 2 is
formed on at least a part of the connection terminal 3,
the connection terminal 3 is electrically connected
through the connection wiring 16 to the signal processing
circuit 2 in a part of a region of the connection terminal
3 where the signal processing circuit 2 is not formed, and
the photoelectric conversion element 50 is electrically
connected to the outside through the signal processing
circuit 2 by such a structure. Particularly in the case of
the photoelectric conversion portion 1 of an optical sen-
sor generating a weak output signal, a structure using
the connection wiring 15 in particular is a desirable struc-
ture because connection wiring thereof with an amplifi-
cation circuit (unillustrated) in the signal processing cir-
cuit 2 becomes the shortest, and the photoelectric con-
version portion 1 thereby becomes less susceptible to
electromagnetic noise from the outside.

[0087] Note that, in the present invention, the signal
processing circuit 2 provided as the signal transfer ele-
ment may be, for example, an interposer, a signal
processing circuit, a driver circuit or the like as long as it
is configured to perform processing on a signal, and may
be one obtained by combining an interposer, a signal
processing circuit and a driver circuit. That is, the signal
processing circuit 2 can be at least any one of an inter-
poser, a signal processing circuit and a driver circuit.
[0088] The sealing material 14 is used so as to protect
the signal processing circuit 2, the substrate 10 and the
lead frame 3. That is, the sealing material is a member
which performs sealing so as to protect the photoelectric
conversion portion 1. For the sealing material 14, a ma-
terial of any kind can be adopted as long as the material
is one used for a mold. As a specific example, a sealing
resin such as one of thermosetting resins represented
by epoxy resins used for packages of semiconductor de-
vices can be cited. Molding of the sealing material 14 is
performed after fixing the substrate 10 and the signal
processing circuit 2 onto the connection terminal 3. Ad-
ditionally, after the sealing material 14 is molded, the ap-
erture 6 is formed, for example, by using sandblast etch-
ing as will be described later. By thus forming the aperture
6 and forming an exposed face, the substrate 10 comes
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tobe exposed, and the optical window is provided. There-
fore, an interface between the substrate 10 and the out-
side comes to also function as a optical window. This
aperture 6 is formed so that an entirety of the back face
of the substrate 10 can be exposed. Although the aper-
ture 6 is formed in Fig. 1F so that an entirety of the back
face of the substrate 10 can be exposed, the aperture 6
is not limited to this, and may be formed so that at least
apartofthe back face of the substrate 10 can be exposed.
That is, it is only necessary to set at least a part of the
back face of the substrate 10 as the optical window. As
shown in Fig. 1G, in order to adjust a sensitive range of
light, the aperture 6 can be changed, depending on con-
ditions of sandblast etching, so as to have a desired op-
tical field of view 40. That is, the optical field of view 40
can be adjusted by adjusting an area of an exposed sur-
face of the substrate 10, the depth of the etching, and
the angle of the step height between the exposed surface
and an upper face of the sealing material 14.

[0089] Additionally, while an area and a shape of the
aperture 6 can be freely designed, a higher mechanical
strength can be obtained if they are designed so that a
part of a face of the photoelectric conversion element 50
in one side thereof having the optical window can be un-
exposed and covered by the sealing material. Addition-
ally, a desired optical field of view of the optical sensor
can be obtained depending on the shape of the aperture.
[0090] While formation of the aperture as shown in
each of Figs. 1F and 1G requires etching of a part of the
sealing material 14, the formation may be performed by
non-selective etching an entirety of the sealing material
14, not by selectively forming the aperture 6 as shown in
Fig. 1H. By thus forming the aperture, a sandblast-etch-
ing step can be simplified. Here, the optical field of view
40 is determined by the thickness of the substrate 10,
and the area of the photoelectric conversion portion 1.
Here, because Fig. 1H is substantially the same as the
structure shown in Fig. 1F except for the shape of a sur-
face of the sealing material 14 and a later described pro-
tective layer 51, description thereof is omitted.

[0091] Additionally, as shown in Fig. 11, light may be
allowed to be inputted to or outputted from the signal
processing circuit 2. Here, the substrate for the signal
processing circuit 2 is utilized as the optical window.
Here, description of Fig. 11 will be omitted as appropriate
because it is substantially the same as the structure
shown in Fig. 1F except that the signal processing circuit
2 is formed into the optical window, and except for a
shape of the connection terminal 3 and a position of the
optical adjustment element 13. In this case, because the
photoelectric conversion portion 1, the signal processing
circuit 2, the connection wiring 16 and the like are sealed
by the sealing material 14 so as to be covered thereby,
itis necessary that the aperture 7 be provided in the con-
nection terminal 3. Here, the optical field of view 40 of
the sensor can be changed into a desired optical field of
view by changing an area of the aperture 7 in the con-
nection terminal 3. Note that, in a case where the signal
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processing circuit 2 is set to work also as the optical win-
dow as shown in Fig. 11, the signal processing circuit 2
is formed of a material transmitting, with high transmit-
tance, light having a wavelength received or emitted by
the photoelectric conversion portion 1. In the case of a
device shown in Fig. 11, an interface between the signal
processing circuit 2 and the outside becomes the optical
window. As has been described above, in a case where
neither the signal processing circuit 2 nor an interposer
is provided, an interface between the substrate 1 and the
outside becomes the optical window as shown in Fig. 1B.
Alternatively, as shown in Fig. 1C, an interface between
the photoelectric conversion portion 1 and the outside
may become the optical window. Note that, as shown in
the drawings, in each of these cases, the optical adjust-
ment element 13 can be provided on the interface with
the outside. For example, as shown in Fig. 11, the optical
adjustment element 13 is formed on the signal transfer
element (the signal processing circuit 2), and the optical
window is formed on a face of the optical adjustment 13
which meets the outside.

[0092] The cases each having a structure where the
photoelectric conversion element and the signal transfer
element (the signal processing circuit 2) are laminated
have been described hereinabove by using Figs. 1F to
11. In a case having such a lamination structure, minia-
turization of an optical device can be achieved because
a plurality of elements are stacked.

[0093] Another structure is a structure where the pho-
toelectric conversion element and the signal transfer el-
ement (the signal processing circuit 2) are placed side
by side as shown in Fig. 7. In Fig. 7, unlike in structures
shown in Figs. 11 and 5B, the photoelectric conversion
element 50 including the substrate 10, the photoelectric
conversion portion 1 and the optical adjustment element
13, and the signal processing circuit 2 provided as the
signal transfer element are each fixed onto different lo-
cations on an interposer 20 through the connection wiring
15. In addition, the wiring on the interposer 20 electrically
connects the photoelectric conversion portion 1 to the
signal processing circuit 2. For example, in the case of
an infrared sensor, this structure is an effective structure
because it enables the photoelectric conversion portion
to be unaffected by heat generation of the signal process-
ing circuit, or to be less unaffected thereby. That is, be-
cause the photoelectric conversion portion 1 and the sig-
nal processing circuit 2 may be placed on any locations
as long as they are on the interposer 20, it becomes pos-
sible to place the photoelectric conversion portion 1 and
the signal processing circuit 2 in locations where they do
not affect (are less likely to affect) each other in terms of
heat. Additionally, using the structure described in con-
nection with Fig. 7 is effective in a case where the signal
transfer element has an area smaller than that of the
photoelectric conversion element. In such a structure
where the photoelectric conversion element and the sig-
nal transfer element are placed side by side, while they
may be placed side by side on a single substrate as
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shown in Fig. 7, it is also possible to cover each element
with a single sealing material, and form the optical win-
dow on a part of the photoelectric conversion element.
In such a case, the photoelectric conversion element can
assume any one of structures as shown in Figs. 1A to
1J, and it is only necessary to place the signal transfer
element in the sealing material in accordance with each
structure, and connect them through connection wiring
represented by a metal wire as needed. For example, in
a case where the photoelectric conversion element as-
sumes the structure of Fig. 1E, the signal transfer element
is placed so as to be side by side with the photoelectric
conversion element, then is sealed by the sealing mate-
rial, and is connected to the photoelectric conversion el-
ement and the connection terminal through a metal wire.
By configuring the structure in this way, it becomes pos-
sible to connect the signal transfer element, especially
the signal transfer element including the signal process-
ing circuit or the driver circuit, and the photoelectric con-
version element to each other by using only a metal wire
with which more highly reliable electrical connection is
easily achieved.

(Regarding a protective film and a reflection plate)

[0094] Additionally, as shown in Figs. 1J to 1L, after
forming the aperture 6 as will be described later, the op-
tical adjustment element 13 formed on the photoelectric
conversion element 50 may be provided with the protec-
tive layer 51, having a function of protecting deterioration
likely to occur by making contact with external air.

[0095] In Fig. 1J, the protective layer 51 is formed so
as to protect only the optical adjustment element 13. The
photoelectric conversion element 50 includes the photo-
electric conversion portion 1 and the optical adjustment
element 13 which are formed on the substrate 10, and
is connected to the connection terminal 3 by the connec-
tion wiring 16. The photoelectric conversion element 50
is sealed by the sealing material 14, and the aperture 6
is formed in the sealing material 14 for derivation or in-
troduction of light. In this case, an interface between the
outside and the photoelectric conversion portion 1 be-
comes the optical window, and the optical adjustment
element 13 is formed in the optical window. Furthermore,
the protective layer 51 is formed on the optical adjustment
element 13. Therefore, light is allowed by the photoelec-
tric conversion element 1 to exit or enter through the pro-
tective layer 51 and the optical adjustment element 13.
[0096] Alternatively, as shown in Figs. 1K and 1L, the
protective layer 51 may be formed so as to protect a part
or an entirety of the sealing material 14. In each of these
cases, the aperture 6 and the sealing material 14 can be
protected and a more highly reliable optical device can
be realized. Here, because Fig. 1K is substantially the
same as the structure shown in Fig. 1J except for the
range protected by the protective layer 51, description
thereof will be omitted as appropriate. Additionally, be-
cause Fig. 1L is substantially the same as the structure
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shown in Fig. 1A except for the protective layer 51, de-
scription thereof will be omitted as appropriate.

[0097] Furthermore, as shown in Figs. 1G and 1H, the
protective layer 51 may be formed so as to protect a part
or an entirety of the sealing material 14.

[0098] Additionally, a reflection plate 52 may be pro-
vided as in Fig. 1M. Particularly in the case of a long-
wavelength infrared sensor, because the photoelectric
conversion portion 1 is susceptible to heat, heat gener-
ation attributable to absorption of incident light by the
sealing material 14 is prevented or reduced by providing
the reflection plate 52, whereby response speed can be
improved. Therefore, itis preferable to form the reflection
plate 52 on the sealing material 14. Here, because Fig.
1M is substantially the same as the structure shown in
Fig. 1A except for the reflection plate 52, description
thereof is omitted as appropriate.

[0099] Note that the protective layer 51 and the reflec-
tion plate 52 can be formed into predetermined shapes
by utilizing a photolithography technique.

(Regarding a configuration of the signal processing cir-
cuit)

[0100] Next, a configuration of the signal processing
circuit 2 will be described.

As shown in Fig. 2, the signal processing circuit 2 in-
cludes: a power supply circuit 21 which supplies a bias
current or voltage to the photoelectric conversion portion
1 and each of other circuits as appropriate; an amplifica-
tion circuit 22 which amplifies a signal outputted from the
photoelectric conversion portion 1; a judgment circuit 23
which compares the amplified signal with a preset volt-
age; and a reference-value generation circuit 26 which
inputs the preset voltage to the judgment circuit 23 as a
reference value, and the judgment circuit 23 externally
outputs a digital output 24 which is a digital output signal
as a judgment result. Each of elements included in the
signal processing circuit 2 is electrically connected to a
corresponding element.

[0101] Because the amplitude or the amount of varia-
tion, of the output signal of the photoelectric conversion
portion 1 is generally as small as several nV to not more
than several mV, an electric signal is amplified by the
amplification circuit 22 of the signal processing circuit 2.
Therefore, when light enters the photoelectric conversion
portion 1, the incident light is converted into an incident
electric signal, and then is outputted to the amplification
circuit 22. The amplification circuit 22 amplifies and then
outputs the incident electric signal.

[0102] Thereafter, although the incident electric signal
having been amplified by the amplification circuit 22 may
be extracted to the outside of the signal processing circuit
2 by way of an analogue output 25 directly in the form of
an analogue signal, this incident electric signal is inputted
to the judgment circuit 23 for judging whether or not an
infrared light from a human body or flames has been
sensed. At this time, while a voltage (a reference-value
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voltage) having been set in accordance with light having
a wavelength and intensity that should be judged by the
judgment circuit 23, has been inputted in the judgment
circuit 23 by the reference-value generation circuit 26,
the judgment circuit 23 compares the reference-value
voltage and the amplified incident electric signal with
each other. Specifically, the light having a wavelength
and intensity that satisfied the judgment level generated
by the reference-value generation circuit 24 will generate
a digital signal in the digital output 24 which indicates the
above light was detected.. Hence, the judgment circuit
externally outputs a digital electrical signal, which is a
result of the comparison done by the judgment circuit 23.
[0103] Note that the voltage (the reference-value volt-
age) generated by the reference-value generation circuit
26 is not limited to the above described one, and may be
set as desired in accordance with light having a wave-
length received by the photoelectric conversion portion
1. For example, if light received by the photoelectric con-
version portion 1 is light in the ultraviolet region, the ref-
erence-value voltage may be set in accordance there-
with.

[0104] Additionally, in the judgment circuit 23, judg-
ment thereby is not limited to judgment on whether or not
incident light (detected light) is light within a predeter-
mined range, and a scheme may be adopted which is to
cause the judgment circuit 23 to generate an electric sig-
nal of not less than a specific magnitude, depending on
whether or not an amount of light (for example, infrared
light or the like) having entered the photoelectric conver-
sion portion 1 has become not less than a given amount.
A voltage equivalent to this given amount is outputted by
the reference-value generation circuit 26.

[0105] Although it is preferable, in terms of mass-pro-
ductivity, designing flexibility and the like, that the signal
processing circuit 2 be formed on a most commonly used
silicon substrate by a CMOS process, a BICMOS proc-
ess, a bipolar process or the like, the signal processing
circuit 2 may be formed on any one of compound semi-
conductor substrates including a GaAs substrate, and
the most appropriate material and process can be se-
lected in accordance with the purpose of use, use envi-
ronment and the like.

[0106] Furthermore, in the case of using the signal
processing circuit 2, because connection between the
photoelectric conversion portion 1 and the signal
processing circuit 2 is formed by the connection wiring
15 as shown in Figs. 1F to 11, an air gap can be easily
formed between the photoelectric conversion portion 1
and the signal processing circuit 2. In such a case, a
suitable optical device can be obtained also in a case
where the photoelectric conversion portion 1 is a heat
type photoelectric conversion portion such as that of the
above described pyroelectric type or thermoplie type.
Furthermore, in the case of a heat type photoelectric con-
version portion, after the photoelectric conversion portion
is formed on the substrate, the photoelectric conversion
elementmay be used by configuring air gaps to be formed
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to both faces of the photoelectric conversion portion by
selectively etching a face of the substrate which makes
contact with the photoelectric conversion portion.
[0107] Next, details of an electromagnetic shielding/
reflection plate 4 as shown in Fig. 3A will be described.
In Fig. 3A, the electromagnetic shielding/reflection plate
4 is configured to have at least any one of functions of
electromagnetic shielding and light reflection. Here, be-
cause Fig. 3A is substantially the same as the structure
shown in Fig. 1G, description thereof will be omitted as
appropriate.

[0108] The electromagnetic shielding/reflection plate
4 is formed for the purpose of shielding electromagnetic
noise in a low frequency range which is important in the
optical device of the present invention. That is, it is im-
portant to reduce influence of electromagnetic noise, and
therefore the electromagnetic shielding/reflection plate 4
is provided on at least a part of a face of the signal
processing circuit 2 in the front face side thereof so as
to reduce influence of electromagnetic noise. In the
present invention, because the electromagnetic shield-
ing/reflection plate 4 can be thus formed in the vicinity of
a part of the photoelectric conversion portion 1 or the
signal processing circuit 2 which is desired to be shielded
against electromagnetic noise, an optical device can be
realized that is: capable to easily be shielded from elec-
tromagnetic noise; tolerable against electromagnetic
noise outside of a sensor as a result; and is highly sen-
sitive. As a material of the electromagnetic shielding
plate, an alternative from a broad range of materials can
be considered in accordance with the purpose of use.
For example, in an infrared sensor which is a light receiv-
ing element intended for the infrared region having suit-
able sensitivity wavelengths of the optical device of the
present invention, a material having a high magnetic per-
meability, the material being excellent in a shielding char-
acteristic against electromagnetic waves in low wave-
lengths of several Hz to about 100 kHz which become
particularly important therein. It is also possible to use a
material such as: a magnetic metal thin film made of iron,
nickel or the like; ferrite; or permalloy.

[0109] Additionally, in terms of the light reflection func-
tion, a metal material having high reflectivity for an in-
tended wavelength is suitably used, and, in the case of
a light receiving or light emitting element intended for the
infrared region having sensitivity wavelengths that are
suitable to the optical device of the present invention,
metal such as aluminum or chrome is suitably used in
view of high reflectivity, and easiness of placement. Thus,
a metal material is often suitably used for the electromag-
netic shielding/reflection plate 4, and these materials can
be used in combination by laminating according to the
need, for example.

[0110] Additionally, as in Fig. 3A, the electromagnetic
shielding/reflection plate 4 may be formed in the front
face side of the signal processing circuit 2. In this case,
the electromagnetic shielding/reflection plate 4 can func-
tion as an electromagnetic shielding plate. Additionally,
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in a case where the electromagnetic shielding/reflection
plate 4 is formed in the front face side of the photoelectric
conversion portion 1, it not only functions as an electro-
magnetic shielding plate but also is allowed to function
as a later described reflection plate, and is used in ac-
cordance with need. While a connection terminal that is
a seating of the signal processing circuit 2 is used for
making electrical connection to the outside, the connec-
tion terminal 3, itself may be utilized as the electromag-
netic shielding/reflection plate.

[0111] Here, in the present description, the front face
side of the signal processing circuit 2 designates one
side thereof in which a signal processing circuit, a driver
circuit, or a signal transfer circuit such as wiring is pro-
vided.

[0112] Inacasewhere the optical window of the device
is the signal processing circuit 2 as shown in Fig. 11, the
connection terminal 3 is enabled to have the electromag-
netic shielding function, and functions of the connection
terminal 3 come to have three functions which are: elec-
trical connection with the outside; electromagnetic
shielding; and optical field of view adjustment of the
aperture6. Therefore, the above described configuration,
where the same element (for example, the connection
terminal 3) is used with various functions, becomes very
efficient, and a simplified package can be realized.
[0113] In accordance with need, the output from the
photoelectric conversion element 1 may be outwardly
taken out without having been electrically processed. In
this case, as the signal transfer element (the signal
processing circuit 2 in the drawing), an interposer may
be used for routing of wiring. As a material for the inter-
poser, a material having high transmittance in desired
sensitive wavelengths is desirable. Additionally, as
shown in Figs. 1A to 1D and 1J to 1M, the substrate 10
on which the photoelectric conversion portion 1 has been
formed may be fixed directly on the connection terminal 3.
[0114] Next,thereflection plate 9 formed forincreasing
light absorption efficiency in the photoelectric conversion
portion will be described in detail by using Fig. 3B. Here,
because Fig. 3B is substantially the same except for the
reflection plate 9, description thereof will be omitted as
appropriate.

[0115] Particularly in the case of an infrared sensor,
infrared light having long wavelengths often resultin poor
absorption efficiencies (external quantum efficiencies) in
the photoelectric conversion portion. For this reason, the
reflection plate may be used forincreasing external quan-
tum efficiency in accordance with need. While several
alternative structures can be considered also for an in-
frared reflection film depending on cases, the electro-
magnetic shielding/reflection plate 4 utilized also as elec-
tromagnetic shielding may be utilized as the light reflec-
tion plate as shown in Fig. 3A. Here, while a light beam
having entered from above in Fig. 3A is detected by the
photoelectric conversion portion 1 through the substrate
10, light having not been absorbed is reflected by the
electromagnetic shielding/reflection plate 4, and is again
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detected by the photoelectric conversion portion 1,
whereby external quantum efficiency can be increased.
[0116] Alternatively, in a case where, as shown in Fig.
3B, the aperture 7 used for light entrance is provided on
a face of the signal processing circuit 2 on which the
connection terminal 3 has been formed, the reflection
plate 9 is provided on the back face of the substrate 10.
In the case of Fig. 3B, a portion of the light (for example,
infrared light) having entered from below through the sig-
nal processing circuit 2, permeate the photoelectric con-
version portion 1 without being absorbed by the photoe-
lectric conversion portion 1. However, this not absorbed
light portion is reflected by the reflection plate 9, and re-
turns to be detected again by the photoelectric conver-
sion portion 1. This process increases the external quan-
tum efficiency of the photoelectric conversion portion 1.
That is, in Fig. 3B showing a case having the reflection
plate 9, and having the optical window formed in the con-
nection terminal 3 side, the reflection plate 9 is formed
on a face of the substrate 10 which is opposite to a face
thereof formed by the photoelectric conversion portion
1. In the case of a light emitting device, light emitted from
the photoelectric conversion portion 1 which then travels
to a side opposite to the optical window, is reflected by
the reflection plate 9, whereby light emitting efficiency to
the optical window e can be increased. In the case of an
optical sensor, while a part of light having entered from
the optical window element is absorbed by the photoe-
lectric conversion portion 1 and is converted into an elec-
tric signal, light having not been absorbed is reflected by
the reflection plate 9 to the photoelectric conversion por-
tion 1, whereby detection sensitivity can be increased.
[0117] As a material for the reflection plate 9 shown in
Fig. 3B, any material may be used as long as the material
reflects light. Additionally, because increasing on the ex-
ternal quantum efficiency in the photoelectric conversion
portion 1 is important by providing the reflection plate 9,
the reflection plate 9 may be provided on at least a part
of the back face of the substrate 10. The electromagnetic
shielding/reflection plate 4 shown in Fig. 3A may be pro-
vided only with the light reflection function. In a case
where the reflection plate 9 is formed on a silicon sub-
strate, if metal such as aluminum or copper used as a
wiring material thereof is formed by another compound
semiconductor process, it is most preferable that a gold
wiring layer which is a wiring material be used.

(Regarding a lens)

[0118] In a case where an optical device is designed
to operate as an optical sensor, in order to increase ex-
ternal quantum efficiency or else to limit the optical field
of view, the light to be detected could be condensed by
the use of lens. In this case, the lens 11 could be used
to cover the above described optical adjustment portion,
or independently to cover at least a part of the aperture..
Likewise, in a light emitting device, a condensing lens
may be utilized, for example, in a case where emitted
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light is desired to be condensed in the form of a spot. In
a case where the optical device of the present invention
receives or emits light in the infrared region, any one of
semiconductor materials such as silicon and germanium,
and macromolecular materials represented by polyole-
fins such as polyethylene and cyclic polyolefin is mainly
used as a material that efficiently transmits light having
long wavelengths. Such a material is selected as appro-
priate depending on a wavelength used therein and an
environment. For example, in a case where a macromo-
lecular material cannot tolerate a high temperature at the
time of soldering reflow or soldering in packaging the
optical device of the present invention, the most appro-
priate usage is to attach the lens 11 so as to be overlaid
on the optical device, after the packaging using solder is
completed. Entire views of optical devices in this case
are shown in Figs. 4A to 4C. Here, because Fig. 4A is
substantially the same as the structure shown in Fig. 1F
except for the lens 11, description thereof will be omitted
as appropriate. Additionally, because each of Figs. 4B
and 4C is substantially the same as the structure shown
in Fig. 3B except for the lens 11 and the shape of the
connection terminal 3, description thereof will be omitted
as appropriate.

[0119] Fig. 4A is a case where the optical window is
provided to the substrate 10 side of the photoelectric con-
version portion 1. Each of Figs. 4B and 4C is a case
where the optical window is provided on the signal
processing circuit 2 side.

[0120] Inthe case of Fig. 4A, the lens 11 is used so as
to cover an entirety of the aperture.

In the case of Fig. 4B, while the thin-film Fresnel lens 11
is formed on a face of the signal processing circuit 2 (a
face opposite to the face where the substrate 10 and the
photoelectric conversion portion 1 is formed) on which
the connection terminal 3 (a lead frame) is formed, it is
necessary that the connection terminal 3 be routed to a
side opposite to the side having the lens 11. In the case
of an infrared sensor, as a material of the lens, it is pos-
sible to use one obtained by forming, into a film, a thin-
filmed heat-resistant high polymer material such as an
epoxy resin or polyimide which is lower in transmission
property for infrared light than polyethylene but capable
of enduring a high temperature at the time of soldering.
[0121] In the case of Fig. 4C, the lens 11 is attached
to the connection terminal 3 by utilizing the aperture 7 of
the connection terminal 3. Alternatively, depending on
the case, the same effect can be obtained by setting a
substrate for the signal processing circuit 2 as the optical
adjustment element, and processing the substrate so as
to be shaped into alens. Note that the shape and material
of the lens, and the entering or exiting direction of light
can be designed in combination as appropriate in con-
sideration of the purpose and easiness of production.
[0122] In the above description, although description
has been given based on a structure where, after each
of the photoelectric element 1 and the signal processing
circuit 2 is formed on separate substrates, electrical con-
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nection is formed, they may be formed on the same sub-
strate according to need. If the photoelectric element 1
and the signal processing circuit 2 are formed on the
same substrate, it becomes unnecessary to use a flip-
chip bonding method, a wire-bonding method or the like
for electrical connection between the photoelectric ele-
ment 1 and the signal processing circuit 2, whereby: re-
liability of an optical device is further enhanced; and the
number of manufacturing steps is reduced. It is prefera-
ble that the photoelectric conversion element 1 be one
that can be manufactured based on a regular silicon proc-
ess, and any one of various methods (a quantum type,
a heat type or the like), and any one of various configu-
rations can be adopted as has been described so far.
[0123] Next, the various configurations of the optical
device in the present invention will be described by using
an example of a case where the optical device is an in-
frared sensor. The present invention is characterized in
that a very miniature optical device having a simple struc-
ture can be realized without particularly providing any
optical window, and moreover by integrating the signal
processing circuit with other elements, the optical window
having been general in conventional infrared sensors for
long wavelengths including a pyroelectric sensor, and
being placed with a space interposed between a sensor
element and the optical window. This is because, by set-
ting the optical window as a part of on of the elements
(the sealing material or the connection terminal) in one
side of the optical device through which light enters, a
part of the photoelectric conversion element, the signal
transfer element or the like is exposed from the optical
window. A number of structural variations can be consid-
ered for the implement of this configuration. Unlike the
conventional light receiving elementforinfrared light hav-
ing short wavelengths, there is no suitable sealing ma-
terial that efficiently transmits infrared light. For this rea-
son, as a substrate for the photoelectric conversion por-
tion, a substrate with high transmissivity at the infrared
regions is used.

(Regarding a light-blocking layer)

[0124] Firstly, in the case of a structure by which infra-
red light having permeated the substrate of the signal
processing circuit 2 is detected, methods of performing
joining with the photoelectric conversion portion 1 are
broadly divided into two kinds. One of them is to perform
the joining in a state where the front face side of the pho-
toelectric conversion portion 1 (a face opposite to a face
joined to the substrate 1) and the front face side of the
signal processing circuit 2 face each other, and becomes,
for example, as shown in Fig. 1l. In this structure, in a
case where there arises a need to block a part of a light
receiving face of the photoelectric conversion portion 1
against light, a light-blocking layer 17 may be provided
in an uppermostlayer of the photoelectric conversion por-
tion 1 as shown in Fig. 5A, it is also possible to provide
a light-blocking layer 18 in the signal processing circuit
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2 side as shown in Fig. 5B. By thus providing the light-
blocking layer 18, more space can be formed between
the photoelectric conversion portion 1 and the light-block-
ing layer than in the case of forming the light-blocking
layer in the photoelectric conversion portion 1 side. Thus,
heat becomes less likely to be transmitted from the light-
blocking layer to the photoelectric conversion portion. For
this reason, this configuration is favorable in some cases
because a temperature change of the light receiving face
of the photoelectric conversion portion is less likely to
occur.

(Regarding a case having a plurality of photoelectric con-
version elements)

[0125] Additionally, an optical device having a large
number of photoelectric conversion portions provided in-
side the same sealing material 14, and having a large
number of optical window elements can be assumed.
Unlike the structure shown in Fig. 1F where there the
aperture 6 is provided singly, Fig. 6 shows a cross-sec-
tional view of an optical device having an aperture 6a
and an aperture 6b. In the case of using such a structure
as an optical sensor, a movement of an object that is a
light source against the sensor, can be detected by hav-
ing a photoelectric conversion portion 1a and a photoe-
lectric conversion portion 1b, which detect light entering
the aperture 6a and the aperture 6b. As the simplest
method of signal processing, there is a method of out-
putting to the outside, a difference amount between out-
put signals of the photoelectric conversion portion 1a and
the photoelectric conversion portion 1b in the form of an
analogue or digital signal.

[0126] Additionally, in a configuration as shown in Fig.
7, a plurality of photoelectric conversion elements may
be arranged side by side, and at least one of the photo-
electric conversion elements may have the optical win-
dow element to be used for photoelectric conversion,
whereas the others may be used for correction of tem-
perature change, using an electric characteristic and a
change thereof of a photoelectric conversion element.
[0127] Moreover, it is also possible to electrically join
one or more of the photoelectric conversion elements to
each other, electrically join another one or more of the
photoelectric conversion elements, and provide these on
one substrate. Here, apertures can be provided so that
light can enter or exit both of the former one or more of
the photoelectric conversion elements and the later one
or more of them, and alternatively, so that light can enter
or exit any one of them.

[0128] Although description has been given so far by
using examples of a passive optical device hereinabove,
the present invention can be applied to an active optical
device. Hereinbelow, an active optical device having a
self-emitting function will be described.

[0129] AsshowninFig. 8, an active optical device that
is miniature and has a small number of manufacturing
steps and parts can be realized by mounting a light emit-
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ting portion 27 and a light receiving portion 26 into the
same sealing material 14. In Fig. 8, the light emitting por-
tion 27 and the light receiving portion 26 are both elec-
trically connected to the signal processing circuit 2
through the connection wiring 15. Additionally, the light
emitting portion 27 is formed on a light emitting portion
substrate 28 to compose one of the photoelectric con-
version elements 50, whereas the light receiving portion
26 is formed on the light receiving portion substrate 10
to compose another one of the photoelectric conversion
elements 50. In addition, each of the substrates (the light
emitting portion substrate 28 and the light receiving por-
tion substrate 10) is located in a side opposite to the side
where the signal processing circuit 2 is formed. It goes
without saying that the light emitting portion substrate 28
has a high transmittance for a wavelength of light emitted
from the light emitting portion 27.

[0130] At least a part of the back face (with respect to
the substrate on which the light emitting portion is formed,
a face opposite to a face on which the light emitting por-
tion is formed) of the light emitting portion substrate 28,
is exposed as in the case with the light receiving portion
substrate 10. A protective layer 51 may be, when needed,
formed on the exposed face, as shown in Fig. 8.

[0131] Also in the active optical device shown in Fig.
8, it is necessary that a part of each of the elements be
exposed in order to allow light to enter and exit the pho-
toelectric conversion portions provided as the light emit-
ting portion 27 and the light receiving portion 26. When
apertures are formed in the sealing material 14 in order
to allow the exposure, the light emitting portion 27 and
the light receiving portion 26 became exposed from a
bottom face of the respective apertures through the pro-
tective layer 51, the optical adjustment elements 13 and
the substrates. Therefore, the bottom faces of each ap-
erture becomes an interface between the outside and
the light emitting portion 27, and an interface between
the outside and the light receiving portion 26, which will
form the optical windows for the light signal. As the light
emitting portion 27, an LED (Light Emitting Diode) or LD
(LASER Diode) that emits light, which has a wavelength
that can be detected by the light receiving portion 26,
may be used.

[0132] Inthe case of the active optical device, when a
detection object 31 which reflects infrared light comes
close to a sensor, the infrared light 29 emitted by the light
emitting portion 27 is reflected by the detection object
31, and the detection object 31 comes to be detected by
the light receiving portion 26. While the signal processing
circuit 2 in the case of the active optical device performs
the same operations as in the cases of the passive optical
devices, it is necessary that the signal processing circuit
2 be provided with a power source for the light emitting
portion.

[0133] Note that, although a signal transfer element
(the signal processing circuit 2) is provided between the
photoelectric conversion portion 1, provided as the light
emitting portion 27 and the light receiving portion 26, and
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the connection terminal 3 in an above described struc-
ture, the present invention is not limited to this, and it is
not always necessary to provide the signal transfer ele-
ment (the signal processing circuit 2). That is, the pho-
toelectric conversion elements 50 may be provided di-
rectly on the connection terminal 3 through the connec-
tion wiring 15. At this time, when an aperture (for exam-
ple, the aperture 7 in Fig. 11) is formed in the connection
terminal side, the aperture may be provided between the
connection wiring 15 because electrical connection of
the photoelectric conversion elements 50 with the con-
nection terminal 3 must be established. Note that the
photoelectric conversion element functioning as the light
receiving portion, and the photoelectric conversion ele-
ment functioning as the light emitting portion may be elec-
trically joined or unjoined, and are designed as appropri-
ate in consideration of the purpose and productivity.

(Manufacturing method of an optical device)

[0134] Next, a manufacturing method of an optical de-
vice of the present invention will be described.

[0135] The manufacturing method of an optical device
of the present invention is characterized in that an inter-
face between the outside and an element that is the clos-
est to the outside in an optical device using a sealing
material, that is, a optical window element, for derivation
or introduction of light is formed by utilizing a sealing ma-
terial (a sealing package) using the sealing material. For
that purpose, an aperture for derivation or introduction
of light is formed in the sealing material or the connection
terminal. As a result, the manufacturing method of the
present invention can be broadly applied to optical de-
vices each requiring an aperture.

[0136] A basic concept of the manufacturing method
of an optical device of the present invention is shown in
Figs. 9A to 9H.

The substrate 10 becomes a seating of the photoelectric
conversion portion 1, and, although the material is not
limited as long as it is a substrate on which formation of
the photoelectric conversion portion 1 is possible, a sub-
strate having a high transmittance for a range of opera-
tional wavelengths of the optical device is desirable in
the case of such an optical device as shown in Fig. 1A
because the optical window element becomes the sub-
strate 10 itself. For example, in the case of an optical
device handling wavelengths of not less than 1 um, the
substrate 10 may be a substrate made of Si, GaAs, sap-
phire or the like. The optical adjustment element 13 des-
ignates, as has been described above, a region which is
formed by surface treatment of some sort in the optical
window element, and adjusts the optical derivation or in-
troduction characteristics.

[0137] A basic flow of the manufacturing method of an
optical device of the present invention will be described
by using Figs. 9A to 9H.

Firstly, the substrate 10 having the photoelectric conver-
sion portion 1 formed on one of faces thereof and having
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the optical adjustment element 13 formed on a face there-
of opposite to the one of the faces is prepared. Note that,
although the optical adjustment element 13 is formed in
Figs. 9Ato 9H, the presentinvention does not necessarily
require the optical adjustment element 13. Next, as
shown in Fig. 9A, a first protective film forming step is
carried out where a first protective film 53 is formed on
the optical adjustment element 13. In a case where the
optical adjustment element 13 is not formed, it is only
necessary to form the first protective film on a face of the
substrate 10 which is opposite to a face thereof on which
the photoelectric conversion portion 1 has been formed.
[0138] A role of the first protective film 53 is, as will be
described later, to protect the optical window element or
the optical adjustment element 13 during an aperture
forming step with respect to the sealing material. Al-
though a material of the first protective film 53 is not lim-
ited to particular kinds of materials, as will be described
later, a material that can endure a physical etching meth-
od used in the aperture forming step, a material whose
etching rate in the aperture forming step is lower than
that of the sealing material is preferably used. The thick-
ness of the first protective film is not particularly limited,
and is selected as appropriate in combination with the
etching rate so that variation of thicknesses of members
represented by the substrate, variations in etching speed
in the aperture forming step, and the like can be ab-
sorbed. In terms of suppression of these variations, not
less than 2 um is preferable, not less than 5 um is more
preferable, and having a thickness of not less than 10
pm is still more preferable.

[0139] On the other hand, in a case where, by using a
method of previously forming the first protective film, join-
ing of the connection terminal and the photoelectric con-
version portion is performed by flip-chip bonding, be-
cause it is necessary to transmit energies in the forms of
an ultrasonic wave, pressure, and the like through the
first protective film, not more than 100 wm is preferable
for the thickness of the first protective film, and not more
than 50 pum is still more preferable. However, it depends
on the quality of the material, hardness according to it,
and the like. Additionally, as will be described later, the
aperture can be changed into a desired shape by pat-
terning the first protective film 53. In this case, a protective
film having photosensitivity, such as a liquid or film pho-
tosensitive resist, is desirable so that the patterning using
a photolithography technique can be preformed thereon.
In particular, inthe case having such a structure as shown
in Fig. 1B, and having such functions as a function by
which a part of a face having the optical window is unex-
posed and is fixed to the connection terminal, a material
that can be patterned is preferable for the first protective
film, and a photoresist is preferable as the material. This
is because it is preferable that, while only a portion where
the optical window exits should be protected, and a por-
tion making contact with the connection terminal should
not be protected.

[0140] Additionally, any one of coating methods rep-

10

15

20

25

30

35

40

45

50

55

21

40

resented by a spin coater is normally used in the case of
using aliquid resist, whereas alaminator is normally used
in the case of using a film resist. In a case where the
protective film is photosensitive and is required to be pat-
terned, a pattern is formed by being exposed to light
through a mask in which a desired pattern is formed, and
then being processed for development. Additionally, it is
also possible to form the pattern by applying an inkjet
method by using a liquid resist.

[0141] Next, as showninFig. 9B, by carrying out a step
of dicing the substrate 10 on which the first protective
film 53 has been formed, a large number of the photoe-
lectric conversion elements 50 formed on the same sub-
strate are separated.

[0142] Additionally, as shown in Fig. 9C, an assem-
bling step of fixing onto the connection wiring 3 the pho-
toelectric conversion elements 50 obtained in the dicing
step, and additionally, making electrical connection of
the photoelectric conversion elements 50 with the con-
nection terminal 3. The electrical connection of the pho-
toelectric conversion elements 50 with the connection
wiring 3 is made by the connection wiring 15.

[0143] Although this first protective film forming step
may be performed after the separated photoelectric con-
version elements are connected with the connection ter-
minal, a method where the first protective film is previ-
ously formed on the substrate and is diced with the sub-
strate as shown in Fig. 9B is preferable as it can increase
production efficiency. In a case where the optical device
of the presentinvention is miniature, especially, an effect
of previously placing the first protective film becomes re-
markable because the substrate is separated into a large
number of pieces by dicing. Additionally, in a case where
the first protective film forming step may be performed
after the separated photoelectric conversion elements
are connected with the connection terminal, a film pho-
tosensitive resist is preferably used for the first protective
film because the first protective film is formed in a state
where the photoelectric conversion elements have been
separated.

[0144] In order to increase manufacturing efficiency, it
is desirable that a lead frame (used in manufacturing
method of semiconductor devices) be utilized for the con-
nection terminal 3. Additionally, as specific methods of
forming the connection wiring, wire bonding and flip-chip
bonding can be listed. A flip-chip bonding method is a
method suitable for connecting, as shown in Fig. 9C, two
electrodes (elements for obtaining electrical conduction)
facing each other. In the present invention, since light is
not blocked by a metal wiring , allowing efficient reception
and emission of light, the flip-chip bonding method is pref-
erably used in cases where light enters or exit through
the side of the photoelectric element having the back face
opposite to the face on which the photoelectric conver-
sion portion is formed. In the case of using the flip-chip
bonding method, any one of wiring obtained by solidifying
a paste of solder, metal or carbon, film wiring with a con-
ductive material being dispersed thereon, and the like in
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addition to metal projections such as a metal ball and
metal bumps can be used as the metal wiring, and the
metal wiring is connected by a method such as thermo-
compression bonding or ultrasonic bonding depending
on the material and a characteristic thereof. Among
these, a method in which ultrasonic bonding is used while
any one of metal projections is used as the connection
wiring is preferable because high reliability can be at-
tained thereby. In the case of applying the manufacturing
method of an optical device of the present invention to a
light receiving or light emitting element intended for the
infrared region having sensitivity wavelengths that are
suitable to the optical device of the present invention,
especially, the ultrasonic bonding method is suitably
used because the photoelectric conversion element be-
comes sensitive to heat in many cases.

[0145] Additionally, in the case of using the flip-chip
bonding, it becomes a desirable method also from the
perspective that a miniaturized optical device can be re-
alized.

[0146] Next, as shown in Fig. 9D, a sealing step of
forming the sealing material is performed by utilizing a
mold 54. In this step, the same molding method as a
package molding method used in semiconductor manu-
facturing processes is generally used.

[0147] Next, by taking out the photoelectric conversion
elements 50 sealed by the sealing material 14 from the
mold 54, a structure as shown in Fig. 9E is obtained. In
a case where a lead frame is used as the connection
terminal 3, the sealing step makes it possible to seal a
massive amount of the photoelectric conversion ele-
ments 50in one operation, whereby production efficiency
can be increased. In the sealing step, parts of the con-
nection terminals 3, the connection wiring 15 and the
photoelectric conversion elements 50 come to be sealed
by the same sealing material 14. In addition, the optical
window has not yet been formed in this phase.

[0148] Next, the aperture forming step of opening the
aperture (athrough hole) in the sealing material 14, which
is performed for exposing the optical window for deriva-
tion or introduction of light, will be described.

[0149] Although a method of forming an aperture in
the manufacturing method of an optical device of the
present invention may be any one of an etching method
utilizing a physical technique, and a chemical etching
method, a physical etching method is preferable in con-
sideration of production efficiency and processing accu-
racy. As the etching method utilizing a physical tech-
nique, a polishing method and a sandblasting technique
can be exemplified. In the case of using a sealing resin
mixed with a filler which is broadly used for a sealing
material, especially, use of awet or dry sandblasting tech-
nique is desirable because the use thereof makes it less
likely that a flaw will be generated in the optical window
or the optical adjustment element thereof. The wet sand-
blasting technique is preferable because, as generation
of static electricity is minor, damage to the optical device
becomes less, whereas in other cases the dry sandblast-
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ingtechnique is preferable because, asitdoes notrequire
waste liquid processing and the like, productivity is im-
proved. Any one of these techniques is selected in con-
sideration of a characteristic of the optical device and
productivity.

[0150] Asshownin Fig. 9F, itis desirable that the seal-
ing material 14 be etched so that at least a part of the
first protective film 53 can be exposed. Additionally, as
shown in Fig. 9F, if the thickness of the first protective
film 53 is denoted as t, it is desirable that etching be
performed to a depth x (0 < x <t) from the surface of the
first protective film. By controlling this etching depth x,
the photoelectric conversion element is prevented from
protruding from the sealing material, and is prevented
from being etched during the etching process. That is,
even if physical etching such as sandblast is performed,
damaging an exposed surface of the photoelectric con-
version element, and excessively scooping the exposed
surface can be prevented or reduced. This exerts its pow-
er when an element not desired to be flawed or to be
excessively scooped has been formed on the back face
of the substrate 10. A purpose of providing the first pro-
tective film 53 is to protect the optical window against
etching, at the time of etching such as sandblasting.
Therefore, the purpose is to protect the exposed surface
ofthe substrate 10 in a case where the optical adjustment
element 13 has notbeenformed, orto protect an exposed
surface of the optical adjustment element 13 in a case
where this optical adjustment element 13 has been
formed. Additionally, the optical field of view of the optical
device can be adjusted into a desired angle. Additionally,
as will be described later, the shape of the optical window
can be changed by patterning the first protective film 53,
whereby the optical field of view of the optical device can
be set to a desired value.

[0151] Next, a protective film removing step of remov-
ing the first protective film 53 is performed. By performing
the protective film removing step, a structure shown in
Fig. 9G is obtained. Here, because the sealing material
14 has been etched with the depth x (0< x< t), a region
from which the first protective film 53 is removed be-
comes the aperture 6. At this time, because the first pro-
tective film 53 has been formed directly on the optical
adjustment element 13, as shown in Fig. 9C, the optical
adjustment element 13 comes to be exposed from the
region from which the first protective film 53 has been
removed. That is, the optical adjustment element 13
comes to be exposed from a bottom face of the aperture
6. Note that, in a case where the optical adjustment ele-
ment 13 is not formed, as the first protective film 53 is
formed directly on the substrate 10 in Fig. 9C, a surface
of the substrate 10 comes to be exposed when the first
protective film 53 is removed. Here, a large amount of
the photoelectric conversion portions come into a state
being fixed on the same connection terminal 3, and being
sealed by the sealing material having the apertures 6
formed therein.

[0152] Additionally, at the time of the above etching, if
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etching is performed until the depth x equals to the thick-
ness t, the apertures are not formed or come to have a
very shallow depth evenif the apertures are formed. How-
ever, when the first protective film 53 is removed, the
sealing material 14 does not exist on regions correspond-
ing to the optical windows in the sealing material 14,
whereby the optical adjustment elements 13 can be ex-
posed from the optical windows. By forming the optical
device in this way, the optical device shown in Fig. 1H
can be formed.

[0153] Lastly, as shown Fig. 9H, a structure shown in
Fig. 9H is diced in order to separate the devices. In this
dicing step, final dimensions of the optical device are
determined.

[0154] Additionally, while etching of a predetermined
element of the sealing material 14 is required in order to
form the aperture as shownin Fig. 1G, nonselective etch-
ing in which etching is performed on an entirety of the
sealing material 14 may be performed instead of selec-
tively forming the aperture 6. Fig. 1H can be obtained
also by this nonselective etching. By thus performing the
etching, the sandblast etching step can be simplified.
Here, the optical field of view 16 of a sensoris determined
by the thickness of the substrate 10, and the area of the
photoelectric conversion portion 1.

[0155] In forming the aperture 6, although the sand-
blast etching is used here so that the sealing resin 14
can be physically shaved, chemical etching may be used
instead.

[0156] Inthe aperture forming step of the manufactur-
ing method of an optical device which has been described
by using Figs. 9A to 9H, a face of the optical device op-
posite to aface thereof formed by the connection terminal
3 is evenly etched by use of sandblasting, whereby the
aperture comes to have a shape of the first protective
film 53. At this time, in accordance with need, there may
be provided, between the abovementioned sealing step
and the abovementioned aperture forming step, a second
protective film forming step of forming, on a face of the
abovementioned sealing material on which the aperture
is formed, a second protective film which protects at least
a part of the sealing material except for the aperture.
[0157] The second protective step is preferably used
in the case of performing selective etching, and a material
having photosensitivity represented by a liquid or film re-
sistis preferably used as will be described later. The sec-
ond protective film forming step is performed between
the abovementioned sealing step and the abovemen-
tioned aperture forming step, and is a step of forming, so
as to protect at least a part of the sealing material except
for the aperture, the second protective film on the face
of the abovementioned sealing material on which the ap-
erture is formed. As a material for the second protective
film, any one of materials such as those having been
described in relation with the first protective film can be
used, and each of the materials can be formed by any
appropriate one of methods such as those having been
described in relation with the first protective film.
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[0158] In the case of performing selective etching by
using the second protective film, it is preferable that a
wet or dry sandblasting technique be used in the aperture
forming step. Alternatively, chemical etching can be
used. In this case, a combination of the first protective
film, the second protective film and the sealing material
where they are different in solubility against an etchant
served for the chemical etching is preferable, and forma-
tion of the aperture is performed by controlling dissolution
characteristics and the thickness.

[0159] Next, a manufacturing method of an optical de-
vice using a signal transfer element will be described by
using Figs. 10A to 10J.

[0160] Firstly, the substrate 10 having the photoelec-
tric conversion portions 1 formed on one face thereof,
and having the optical adjustment elements 13 formed
on a face thereof opposite to the one face is prepared.
Note that, although the optical adjustment elements are
formed in Figs. 10A to 10J, the optical adjustment ele-
ments 13 are not essential. As shown in Fig. 10A, the
protective film forming step of forming the first protective
film 53 on the optical adjustment elements 13 is per-
formed. The role of the first protective film 53 is, as will
be described later, to protect the optical window or the
optical adjustment element 13 during the aperture form-
ing step with respect to the sealing material. As will be
described later, the aperture may be changed into a de-
sired shape by patterning the first protective film 53. In
this case, a protective film having photosensitivity, such
as a photosensitive resist, is desirable so that the pat-
terning using a photolithography technique can be pre-
formed thereon.

[0161] Next, as shown in Fig. 10B, by carrying out the
step of dicing the substrate 10 on which the first protective
film 53 has been formed, a large number of the photoe-
lectric conversion elements 50 formed on the same sub-
strate are separated.

[0162] Anassembling step of fixing the signal process-
ing circuits 2 as the signal transfer elements onto the
connection terminals 3 as shown in Fig. 10C, then fixing
the photoelectric conversion elements 50 onto the signal
processing circuits 2 as shown in Fig. 10D, and addition-
ally, making electrical connection of the photoelectric
conversion elements 50 with the signal processing cir-
cuits 2 is performed.

[0163] Additionally, as shown in Fig. 10E, electrical
connection of the signal processing circuits 2 with the
connection terminals 3 is made through the connection
wiring 16 by using a wire bonding technique. In order to
increase manufacturing efficiency, it is desirable that a
lead frame used in a manufacturing method of a semi-
conductor device be utilized for the connection terminal 3.
[0164] Additionally, as shown in Fig. 10F, the sealing
step of forming the sealing material is performed by uti-
lizing the mold 54. In this step, the same molding method
as a package molding method used in semiconductor
manufacturing processes may be used.

[0165] Next, by taking out the photoelectric conversion
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elements 50 sealed by the sealing material 14 from the
mold 54, a structure as shown in Fig. 10G is obtained.
In a case where a lead frame is used as the connection
terminal 3, the sealing step makes it possible to seal a
massive amount of the photoelectric conversion ele-
ments 50 in one operation, whereby production efficiency
can be increased. In the sealing step, parts of the con-
nection terminals 3, the connection wiring 16, the signal
processing circuits 2 and the photoelectric conversion
elements 50 are sealed by the same sealing material.
[0166] Next, the aperture forming step of opening the
apertures (through holes) in the sealing material 14 in
order to expose the optical window elements for deriva-
tion or introduction of light will be described. This step is
performed in the same manner as the aforementioned
aperture forming step (having been described by using
Fig. 9F, notincluding the signal processing circuit) .. That
is, although this etching method can be any one of chem-
ical etching, and an etching method utilizing a physical
technique, a physical etching technique is preferably
used in consideration of production efficiency and
processing accuracy. In the case of using a sealing resin
mixed with a filler which is broadly used for a sealing
material, especially, use of awet or dry sandblasting tech-
nique is desirable because the use thereof makes it less
likely that a flaw will be generated in the optical window
or the optical adjustment element thereof. As shown in
Fig. 10H, it is necessary that the sealing material 14 be
etched so that at least a part of the first protective film 53
can be exposed. Additionally, as shown in Fig. 10H, if a
thickness of the first protective film 53 is denoted as t, it
is desirable that etching be performed to a depth x (0<x<t)
from a surface of the first protective film. By controlling
this etching depth x, the optical field of view of the optical
device can be adjusted into a desired angle. Additionally,
as will be described later, the shape of the optical window
can be changed by patterning the first protective film 53,
whereby the optical field of view of the optical device can
be set to a desired value.

[0167] After regions becoming the apertures 6 are
formed, a protective film removing step to remove the
first protective film 53 is performed. After the protective
film removing step, a structure shown in Fig. 10l is ob-
tained. Here, a large amount of the photoelectric conver-
sion elements come into a state being fixed on the same
connection terminal 3, and being sealed by the sealing
material having the apertures 6 formed therein.

[0168] Additionally, in this case also, as has been de-
scribed above, the second protective film forming step
may be performed between the sealing step and the
abovementioned aperture forming step in accordance
with need.

[0169] Lastly, as shown Fig. 10J, a structure in Fig.
10His dicedin orderto separate the devices. In this dicing
step, final dimensions of the optical device are deter-
mined.

[0170] The manufacturing methods of an optical de-
vice described by using Figs 9A to 9H and Figs. 10A to
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10J are not limited to an optical device in which protection
of a optical window element (an interface between the
outside and the optical adjustment elementin a case hav-
ing the optical adjustment elementformed, or aninterface
between the outside and any one of the photoelectric
conversion element, the signal processing circuit and the
like in a case not having the optical adjustment element
formed) is essential, and the manufacturing methods can
be applied to an optical device not requiring protection
of the optical window in manufacturing steps thereof. In
this case, when the aperture is formed in the sealing ma-
terial, it is necessary that the formation be performed by
a method that does not break the optical window. Be-
cause any generally used substrate made of Si, GaAs or
the like comes to be etched under sandblast etching con-
ditions for etching a usually used sealing resin, it is de-
sirable that the optical window be protected before an
aperture forming step.

[0171] The manufacturing method of the present in-
vention can be effectively applied even to an optical de-
vice having the optical window formed into a mirror sur-
face, and not including an optical adjustment element. In
the aperture forming step, while the optical window may
possibly be flawed or destroyed particularly in the sealing
step if a conventional manufacturing method is utilized,
flaws on and destruction of the mirror surface can be
prevented by using the manufacturing method of the
present invention, whereby a very highly reliable manu-
facturing method of an optical device can be realized.
[0172] Additionally, in the aperture forming step of the
manufacturing method of the present invention, in some
cases, it is preferable that the second protective film
which protects at least a part of the sealing material ex-
cept for the aperture be provided on a face of the sealing
material on which the aperture is formed.

[0173] For example, as shown in Fig. 11A, in a case
where the etching depth x is smaller than the thickness
t of the first protective film 53, the first protective film
becomes difficult to be removed in some cases. In con-
trast, as shown in Fig. 11B, in a case where the etching
depth x is made larger than t, the first protective film be-
comes easy to be removed. However, in a final form of
an optical device, the photoelectric conversion portion
comes into a state protruding with respect to a surface
of the sealing material 14, and the optical device be-
comes difficult to use depending on a purpose thereof in
some cases.

[0174] Here, as shown in Fig. 11C, the aperture 6 is
formed after the second protective film 55 is formed, be-
fore the etching is performed, in a region on a surface of
the sealing material 14, the region being distant by a pre-
determined distance from a region directly on the first
protective film 53. Thereby, even if the etching depth x
is made largerthant, the photoelectric conversion portion
does not protrude from the sealing material 14. That is,
a space equivalent only to the predetermined distance
comes to be formed between a wall surface of the aper-
ture 6 and the first protective film 53, a element where
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the first protective film and the sealing material make
contact with each other is eliminated, whereby, with this
space, it becomes easier to remove the first protective
film 53. Therefore, removal of the first protective film 53
becomes easier, whereby an optical device becomes
easy to manufacture and easy to use. Additionally, ac-
cording to the method using the second protective film,
an optical device can be designed so as to have the sec-
ond protective film located on apex regions of metal
wires, and a restriction on a height of the metal wires is
eased in such an optical device (the structure in Fig. 10
can be exemplified) as having apexes of metal wires in
the optical window side, whereby an optical device in
which connection wiring is provided by using a wire bond-
ing technique can be made more thinner, or more mini-
ature.

[0175] Here, although the wall surface of the aperture
6 is formed perpendicularly in Fig. 11C, the wall surface
of the aperture 6 sometimes comes to have aninclination
because some over-etching sometimes occur during the
formation of the aperture.

[0176] It is preferable that a material for the second
protective film 55 be photosensitive so that it can be pat-
terned by utilizing a photolithography method. Addition-
ally, utilization of the second protective film can be ap-
plied to adjustment of the optical field of view of an optical
device. Additionally, by utilizing a shape of the aperture
formed by utilizing the second protective film, an optical
device isdesigned so as tofitinto the aperture an external
lens of the optical device. Additionally, the case of per-
forming the aperture formation by chemical etching is
preferable because the optical window can be formed by
utilizing the difference in solubility against an etchant be-
tween the second protective film and the sealing material.
Note that, in accordance with need, the second protective
film is removed after the aperture forming step.

[0177] Notethat,inthe presentinvention, withoutusing
the first protective film, after the photoelectric conversion
element is sealed by the sealing material 14, the aperture
may be formed so as to be exposed from the sealing
material by physical and chemical etching.

[0178] Although methods of forming the aperture in the
sealing material have been described in the above de-
scription, the following manner may be adopted in the
case of providing an aperture in the connection terminal.
[0179] For example, before the photoelectric conver-
sion portions 50 or the signal processing circuits 2 are
mounted on the connection terminals 3, a pattern ele-
ment penetrating each of the connection terminals is
formed. Then, the photoelectric conversion portions 50
(or the signal processing circuits 2) are mounted on the
connection terminals 3 so that a region of each of the
photoelectric conversion portions 50 (or the signal
processing circuits 2) which becomes the optical window
can be exposed through the pattern. Subsequently, as
shown in Fig. 9D, the photoelectric conversion elements
50 and the connection terminals 3 are sealed by the seal-
ing material 14. At this time, the sealing material enters
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the pattern s (which become the optical windows later),
and the sealing material having entered the pattern is
removed by physical or chemical etching. With this re-
moval, the abovementioned patterns become the optical
windows.

[0180] Note that the optical windows may possibly be
flawed during the etching performed on the patterns. In
order to prevent or reduce the flawing on the optical win-
dows, use of the first protective film is preferable.
[0181] In the case of using the first protective film, the
first protective film may be formed, before the abovemen-
tioned mounting, in the regions of the photoelectric con-
version portions 50 (or the signal processing circuits 2)
which become the optical windows, or the first protective
film may be formed, after the abovementioned mounting,
on the optical windows exposed from bottom faces of the
pattern elements. That is, it is only necessary that the
first protective film are formed on the optical windows
before etching for forming the apertures.

[0182] When the etching for forming the apertures is
preformed, the aperture is formed by stopping the etching
once a surface of the first protective film in the patterns
is exposed, and then removing the first protective film.
[0183] Note that, by using the connection terminals
each not including the pattern element, each of the ap-
ertures may be configured to be formed in the connection
terminal so that an element (the photoelectric conversion
element or the signal processing circuit) that is the closest
to the outside in one side of an optical device having the
connection terminals can be exposed by physical or
chemical etching after the photoelectric conversion ele-
ments are mounted on the connection terminals.
[0184] As has been described above, according to the
manufacturing method of an optical device of the present
invention, an optical device that is highly reliable and ex-
cellent in photoelectric conversion characteristic can be
easily manufactured. Especially when miniature optical
devices are produced in a large quantity, productivity
thereof is considerably improved.

Industrial Applicability

[0185] The present invention relates to: a highly sen-
sitive passive optical device or active optical device
equipped with a miniature package; and a manufacturing
method thereof.

Claims
1. An optical device comprising:

one or more elements including a photoelectric
conversion element having a photoelectric con-
version portion which is formed on a substrate;
a connection terminal electrically connected to
the photoelectric conversion element; and

a sealing material which seals the one or more
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elements and the connection terminal,

wherein the optical device comprises an aperture on
one side of the optical device through which light is
allowed to enter or exit, and a bottom face of the
aperture is an interface between an element out of
the one or more elements that is the closest to the
outside, and the outside.

The optical device according to claim 1, wherein the
element that is the closest to the outside is the pho-
toelectric conversion element out of the one or more
elements.

The optical device according to any one of claims 1
and 2, wherein the photoelectric conversion element
and the connection terminal are connected to each
other through a signal transfer element.

The optical device according to any one of claims 1
to 3, wherein the aperture is located in the one side,
through which light is allowed to enter or exit, in any
one of the sealing material and the connection ter-
minal,

The optical device according to any one of claims 1
to 4, wherein the element that is the closest to the
outside comprises an optical adjustment element on
the interface thereof with the outside.

The optical device according to any one of claims 1
to 5, further comprising a connection wiring formed
of at least any one of a metal ball, a metal bump and
a metal wire, the connection wiring electrically con-
necting at least one element out of the one or more
elements, and the connection terminal to each other,
wherein the connection wiring is sealed by the seal-
ing material.

The optical device according to any one of claims 1
to 6, wherein, a face of the photoelectric conversion
element opposed across the photoelectric conver-
sion portion to a face thereof through which light en-
ters or exits includes at least any one of: a shielding
plate which absorbs electromagnetic noise; and a
light reflection plate which increases an absorption
or emission efficiency for the light.

The optical device according to any one of claims 1
to 7, wherein at least a part of the element that is the
closest to the outside is unexposed, and is covered
with the one of the sealing material and the connec-
tion terminal in which the aperture is formed.

The optical device according to any one of claims 1
to 8, wherein the photoelectric conversion portion
performs any one of detection and emission of light
in an infrared region.

10

15

20

25

30

35

40

45

50

55

26

EP 1 858 086 A1

10.

11.

12.

13.

14.

15.

16.

17.

50

The optical device according to any one of claims 1
to 9, wherein the photoelectric conversion portion is
a quantum type photoelectric conversion portion ca-
pable of operating at a room temperature.

The optical device according to any one of claims 9
and 10, wherein the photoelectric conversion ele-
ment is formed by-serially connecting a plurality of
photoelectric conversion portions.

The optical device according to any one of claims 10
and 11, wherein the quantum type photoelectric con-
version portion belongs to at least any one of a pho-
toconductor type, a photodiode type, a phototransis-
tor type and a LASER diode type; and

the quantum type photoelectric conversion portion
comprises a layer formed of a compound semicon-
ductor containing at least any one of In and Sb, and
a barrier layer for suppressing a diffusion current.

A method of manufacturing an optical device com-
prising one or more elements including a photoelec-
tric conversion element having a photoelectric con-
version portion which is formed on a substrate; a
connection terminal electrically connected to the
photoelectric conversion element; and a sealing ma-
terial which seals the one or more elements and the
connection terminal, the method comprising:

a sealing step of sealing at least a part of the
connection terminal and the one or more ele-
ments by the sealing material; and

an aperture forming step of forming an aperture
on one side of the optical device through which
light is allowed to enter or exit so that a bottom
of the aperture can be an interface between an
element out of the one or more elements that is
the closest to the outside, and the outside.

The method of manufacturing an optical device ac-
cording to claim 13, wherein the element that is the
closest to the outside is the photoelectric conversion
element out of the one or more elements.

The method of manufacturing an optical device ac-
cording to any one of claims 13 and 14, wherein the
photoelectric conversion element and the connec-
tion terminal are connected to each other through a
signal transfer element.

The method of manufacturing an optical device ac-
cording to any one of claims 13 to 15, wherein, in
the aperture forming step, the aperture is formed, in
the one side through which light is allowed to enter
or exit, in any one of the sealing material and the
connection terminal.

The method of manufacturing an optical device ac-
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19.

20.

21.

22,

23.

24,

25.
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cording to any one of claims 13 to 16, further com-
prising a first protective film forming step of forming
a first protective film for protecting the interface, be-
fore the sealing step, in a region of the element that
is the closest to the outside, the region correspond-
ing to the interface,

wherein at least a part of the connection terminal,
the photoelectric conversion element and the first
protective film are sealed by the sealing material in
the sealing step.

The method of manufacturing an optical device ac-
cording to claim 17, wherein the first protective film
is a photosensitive protective film.

The method of manufacturing an optical device ac-
cording to any one of claims 17 and 18, further com-
prising a first protective film removing step of remov-
ing the first protective film after the aperture forming
step.

The method of manufacturing an optical device ac-
cording to any one of claims 17 to 19, wherein, in
the aperture forming step, if the thickness of the first
protective film is denoted as t, etching is performed
to a depth x (0 < x < t) from a surface of the first
protective film by using the surface of the first pro-
tective film as a basis.

The method of manufacturing an optical device ac-
cording to any one of claims 13 to 20, wherein, in
the aperture forming step, the aperture is formed by
etching utilizing a physical technique.

The method of manufacturing an optical device ac-
cording to claim 21, wherein the etching utilizing a
physical technique is sandblast etching.

The method of manufacturing an optical device ac-
cording to any one of claims 16 to 22, wherein the
aperture is formed in the sealing material, and

the manufacturing method further comprising a sec-
ond protective film forming step of forming a second
protective film on a face of the sealing material be-
tween the sealing step and the aperture forming step,
the second protective film protecting at least a part
of the sealing material except the aperture, the face
being intended to have the aperture formed thereon.

The method of manufacturing an optical device ac-
cording to any one of claims 16 to 22, wherein the
aperture is formed in the connection terminal;

the connection terminal has a penetrating pattern;
and

the sealing material having entered the pattern in the
sealing step is removed in the aperture forming step.

The method of manufacturing an optical device ac-
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cording to any one of claims 13 to 24, further com-
prising a step of electrically connecting a signal
transfer element and the photoelectric conversion
element to each other and also of electrically con-
necting the signal transfer element and the connec-
tion terminal to each other before the sealing step,
the signal transfer element including at least any one
of: a signal processing circuit which processes an
output from the photoelectric conversion element; a
driver circuit which drives an electric signal directed
to the photoelectric conversion element; and an in-
terposer which electrically connects the photoelec-
tric conversion element and the connection terminal
to each other,

wherein, in the sealing step, at least a part of the
connection terminal, the photoelectric conversion el-
ement and the signal transfer element are sealed by
the sealing material.
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extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The results of the international search revealed that the constitution
of the invention in claim 1 is publicly known. Since the constitution of
the invention in claim 1 does not make contribution over the prior art, it
is considered not as a special technical feature in the meaning of PCT Rule
13.2, second sentence. This application includes at least the following
9 inventions. (Continued to extra sheet.)

L. l:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. l:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. ‘:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1, 2, 4, 6, 9-14, 16

Remark on Protest \:l The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee..

\:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.
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Claims 2, 14: An element closgsest to the external is a photoelectric
conversion element.

Claims 3, 15, 25: A photoelectric conversion element and a connecting
terminal are connected through a signal transmitting element.
Claim 5: An element closest to the external has an optical adjusting
section on an interface with the external.

Claim 7: A shielding plate and a light reflecting plate are provided.
Claim 8: A part is not exposed.

Claims 17-20: A first protecting film is provided.

Claims 21, 22: An etching means

Claim 23: A gecond protecting film

Claim 24: A penetrating pattern
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